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ί came to be aware of the faint signals that preceded a movement 
I described them as vague, 'unfulfilled' feelings 
Later, they became more recognizable as discrete sensations 
The Tourette's syndrome movement is not the whole message 
Each movement is the result of a voluntary capitulation 
to a demanding and relentless urge 
accompanied by an extraordinarily subtle sensation 
that provokes and fuels the urge 
There is really no adequate description of the sensations 
that signal the onset of the actions 
The first one seems irresistible, 
calling for an almost inevitable response 
Joseph Bliss, 1980 
I finally apprehend the magnitude of the background noise 
that 1 have been experiencing for decades 
The people around me do not share my tics 
because they do not hear the drumbeat 
They do not feel the sensations withoui sources, 
do not have irresistable urges to pause in midsentence, 
do not receive strict internal commands to trace with their eyes 
in midair the shape of each of Aristotle's regular solids, 
and so on in endless, bewildering variety 
Finally and most important, 
I feel convinced that this complex challenging enigmatic internal world 
is the obvious core of Tourette's 
Peter Hollenbeck, 2001 
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General imroduclion 
1.1 History 
In 1885, the French physician George Gilles de la Tourette reported on nine patients with 
chronic tic disorders charactenzed by motor and vocal tics One famous case history was 
the Marquise de Dampierre, a French noblewoman, and also a patient of Charcot, who 
had persistent body tics, barking sounds and utterances of obscenities Tourette's work 
was an important advance in the classification of the movement disorders He proposed 
that the symptoms he observed constituted a new disease which should be separated from 
the chorea movement disorders Charcot rewarded Tourette for his description of the 
symptoms and their developmental course by naming this disease after him In his early 
writings, Tourette suggested that Tourette's syndrome (TS) was an inhented disorder, but 
in a later paper, he (as cited in Shapiro, Shapiro, Bruun, &r Sweet, 1978) focused on the 
patients's mental instability and the nervous or mental disorders in the family background 
Although some of the original clinical characteristics still remain valid, many diagnostic 
features have been redefined since these first reports Similarly, suggestions that TS was a 
rare disorder and of psychogenic origin have been replaced by evidence suggesting a more 
common disorder of genetic origin with neurotransmitter abnormalities (Shapiro et al, 
1978, Singer, 2005) 
1.2 Phenomenology, definition and diagnosis 
Motor and vocal tics 
The main feature of TS is motor and vocal tics Tics are characterized by sudden, rapid, 
recurrent, non-rhythmic, stereotyped motor movements or sounds (APA, 2000) Tics have 
different degrees of seventy and duration and can be divided into simple and complex tics 
Simple motor tics are brief, rapid movements that manifest themselves suddenly, frequently 
in bouts, and involve one muscle group Common simple motor tics include eye blinking, 
head jerking, and shoulder shrugging Complex motor tics are abrupt movements or a 
more coordinated sequence of movements that involve multiple muscle groups and may 
persist longer Complex motor tics serve no purpose, even when they seem to be more 
goal-directed, e g , touching, hitting, smelling, jumping, or obscene gestures Simple vocal 
tics include sounds and noises such as sniffing, throat clearing, coughing, and grunting 
Complex vocalisations include the repetition or mimicking of other people's words 
(echolaha), the repetition of one's own words (palilalia), or the uttenng of obscene words 
(coprolalia) (Leckman, 2003, Singer, 2005) 
Premonitory sensations 
Pnor to the tics patients often experience so-called premonitory sensations, ι e , unpleasant 
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sensations of a somatosensory nature (such as itching, tension, prickling, pain, heat or 
cold) in the skin, muscles, joints, bones or vocal cords. These sensations prompt the 
performance of tics followed by feelings of momentary relief (e.g., Leckman, Walker, 
& Cohen, 1993). Besides the local or regional premonitory sensations, there may be 
nonlocalizable and less specific premonitory sensations, such as urges or general tension. 
In order to relieve the uncomfortable urge a particular movement is repeated until 'it feels 
good' or 'it feels just right'. These 'just-right' perceptions frequently involve the sensory 
modalities of sight and touch (Leckman, Walker, Goodman, Pauls, & Cohen, 1994). 
Premonitory sensations had already been observed by Patrick in 1905 (as cited in 
Scahill, Leckman, & Marek, 1995), who reported that sensations were the origin of 
tics which, in turn, were the result of yielding to those urges. However, it was not until 
1980 that Bliss, who suffered from Tourette himself, drew attention to these sensations. 
He published a detailed report of his own experience of premonitory sensations and 
hence questioned the conventional view that tics are involuntary in character. For how 
involuntary is a movement that can be suppressed? Lang (1991), in accordance with 
Bliss (1980), suggested that the motor execution of the tic is 'intentional'. He found that 
of the patients with a movement disorder other than tics, 93% assessed their abnormal 
movements as completely involuntary, as compared to 32% of the patients with a tic 
disorder. The remaining 68% of the tic disorder patients felt that their tics were voluntary 
but at the same time compelling, since they were necessary in order to achieve an end. 
The percentage of TS patients (96%) experiencing the tic as intentionally executed was 
even higher (Lang, 1991). Fahn (1993) proposed that the tics could best be described 
by using the word 'unvoluntary'. He stated that the motor or vocal action produced in 
response to a local premonitory sensation is voluntary, whereas the preceding discomfort is 
involuntary. Currently, premonitory sensations are considered the involuntary component 
of the tics, i.e., the stimulus, whereas the actual movement is the volitional response to 
the premonitory sensation (Kwak, Vuong, &r Jankovic, 2003). The term 'sensory tics', 
introduced by Shapiro, Shapiro, Young, & Feinberg (1988) to describe another type of 
tic was abandoned by most researchers, because a sensory sensation is not considered a 
tic behavior anymore. In line with this scientific debate, the term 'involuntary' that was 
included in the DSM-III-R (APA, 1987) definition of tics, was omitted in the DSM-IV 
edition (APA, 1994). 
The literature on TS has inconsistently used the term premonitory sensations. The 
Tourette Syndrome Classification Study Group (1993) for example used a broad definition 
to describe the different sensations that precede tics The Study Group defined 'sensory 
phenomena' as 'generalized or focal uncomfortable feelings or sensations preceding tics 
that usually are relieved by a movement' (1993, ρ 1016). This description encompasses 
urges that are not associated with sensations as well as those that are preceded by 
(visual, auditory, tactile, or olfactory) sensations. Alternatively, Chee and Sachdev (1997) 
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excluded urges and 'just-nght' perceptions in their definition of what they called 'sensory 
tics', since these urges usually involve cognitive experiences, or, when felt in a body part, 
are not localized close to the skin (Chee & Sachdev, 1997) Research has demonstrated 
that premonitory sensory sensations are a distinctive feature of TS and that 'just-nght' 
perceptions occur in both TS and obsessive-compulsive disorder (OCD, Leckman et al , 
1994, Miguel et a l , 1995, 2000) 
Table 1-1 summarizes the findings of studies that examined the occurrence of premonitory 
sensations in TS The different percentages of TS patients who recognized these sensations 
reported in the studies may reflect differences in method of data collection, sample size, 
sample age, and the definition of sensations that was used Shapiro et al (1988) reported the 
lowest incidence of premonitory sensations in a large sample size (see Table 1-1) Shapiro et 
al acknowledged that their figure was likely to be an underestimation because they had been 
'less sensitive to the existence of these symptoms' in their retrospective data collection To 
date, one study (Chee & Sachdev, 1997) assessed the occurrence of premonitory sensations 
in TS patients as compared to a healthy control group The TS group (28%) experienced 
significantly greater life-time prevalence of 'locahzable physical sensations' than the healthy 
control group (8%) In summary, it can be concluded that premonitory sensations are a 
common feature of TS (also see Table 1-1) 
To have premonitory sensations does not mean that every tic is preceded by a sensation 
or urge The anatomic regions that have the highest density of premonitory sensations 
are the head, shoulder girdle, throat, hands, midline of the stomach, and front of the 
thighs and feet Simple tics involving rapid behaviors, like eye blinking, often are not 
preceded by premonitory sensations (Leckman et al , 1993) Lang, Consky, and Sandor 
(1993) suggested that the development of a new tic (especially a complex tic) consists 
of a voluntary, purposefully performed movement that is accompanied by a premonitory 
sensation When the tic is repeated, it develops into a perpetuated automatic behavior, of 
which the patient is unaware Only when the tics are pointed out, the patient becomes 
aware of the tic and its intentional, premonitory aspect This theory is supported by the 
observation that premotor potentials are absent during automatic tic performance, whereas 
these potentials are present when patients are asked to mimic the tic (Obeso, Rothwell, 61 
Marsden, 1982) However, even long-standing simple tics can continue to be associated 
with a consciously perceived premonitory sensation or urge (Lang, 1991) 
Premonitory sensations occur on average 3 years after the onset of tics, and it is 
reported that children under the age of 10 years are not usually aware of these sensations 
(Leckman et al , 1993) Banaschewski et al (2003) studied a relative large sample of 254 
TS patients and found that rates for awareness of premonitory sensations increased from 
childhood to adolescence, from 34% (8 to 10 years), to 56% (11 to 14 years) to 68% (15 
to 19 years) Contrary to these findings. Woods, Piacentini, Himle, and Chang (2005) 
reported that only one (2%) of 42 youths with a mean age of 11 years denied the presence 
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of any premonitory sensation However, children younger than 10 years old were not as 
consistent in their reporting of these sensations as older patients (Woods et al , 2005) 
To date, it remains unclear whether premonitory sensations are present from the onset 
of the disorder, but do not enter young children's awareness, possibly due to a lack of 
introspective ability, or that the sensations emerge with development, after the onset of 
tics, as a result of disease progression or cognitive development (Leckman et al , 1993, 
Woods et al , 2005) Banaschewski et al (2003) reported that tic awareness increases 
with age independent of tic duration and age of tic onset, which seems to indicate that 
development of premonitory sensations reflects cognitive development rather than disease 
progression 
Other associated features and classification 
TS patients are not only sensitive to perceptions of internal body sensations A wide range 
of auditory, tactile or visual external cues may also prompt tics (Cohen & Leckman, 
1992, Eapen, Monarty, & Robertson, 1994) The nature of these external cues is usually 
highly specific for individual patients Echo phenomena such as echopraxia, echolaha and 
palilalia appear in response to external cues Tics can also be triggered by other people 
coughing and sniffing Sometimes, when a patient is interviewed about his repertoire of 
tic symptoms, tics immediately (re)appear In addition, a number of TS patients report 
urges to perform acts that are senseless, dangerous, or forbidden in response to external 
stimuli Examples range from the urge to count letters while watching television, to 
squeeze the tail of one's beloved cat, to touch a hot iron, to break a glass and subsequently 
cut oneself with the broken glass, to suddenly turn over the steering wheel of a car while 
driving down a highway, or to shout in a quiet church Furthermore, some patients show 
'site sensitization', meaning that they are unusually aware, distracted and distressed by 
particular sensori stimuli, such as long hair or tags in new clothing Unless the hair is 
cut or the tags are removed, it is difficult to pay attention to other things than to perform 
tics, ι e , to shake one's head in order to move off the hair, or to pull at the clothing tags 
(Leckman, 2003, Verdellen & Keijsers, 1999) 
Another feature of tics is their suppressibihty TS patients are able to suppress tics 
voluntarily for minutes up to hours (Jankovic, 1997, Kurlan, Lichter, & Hewitt, 1989) 
There are indications that the intentional character of tics facilitates tic suppression 
Relationships have been found between the experience of premonitory sensations and the 
ability to suppress tics (Banaschewski et al, 2003, Kurlan et al, 1989, Leckman et al, 1993, 
Peterson et al, 1998) Both the ability to suppress tics and the intentional character of 
tics helps to differentiate TS from other hyperkinetic movement disorders, such as chorea, 
athetosis, myoclonus, dystonia, and paroxysmal dyskinesias (Koller &r Biary, 1989, Lang, 
1991) Although voluntary tic suppression is often believed to result in a rebound of tics, ι e , 
an intensified tic expression due to a build-up of inner tension (e g , Fahn, 1993, Jankovic, 
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Table 1-1. Reports of premonitory sensations in TS 
Study Sample size Method Definition and symptoms included Frequency 
η % 
Age range 
Shapiro et a l , 1988 
Kur laneta l , 1989 
Lang, 1991 
1237 Retrospective 
34 Interview 
48 Interview/questionnaire 
Cohen & Leckman, 1992 
Leckman et a l , 1993 
Migueletal, 1995 
Chee & Sachdev, 1997 
Banaschewski et al, 2003 
Kwak et a l , 2003 
Woods et a l , 2005 
28 
132 
17 
50 
254 
50 
42 
Interview 
Questionnaire 
Structured interview 
Interview 
Questionnaire 
Questionnaire 
Self-report rating scale 
Sensory tics physical sensory sensations 
Sensory tics local physical sensations, generalized physical 
sensations and generalized mental sensations (e g , urge, 
compelling thought, nervousness) 
Tics intentionally executed behaviors in response to an inner 
need or involuntary urge 
Sensory phenomena physical sensations and urges, impulsivity 
Premonitory urges local physical sensations, general tension, 
mental sensations and urges ('just-right' feelings) 
Sensory phenomena local physical sensations, generalized 
feelings or urges, 'lust-right' perceptions 
Sensory tics locahzable physical sensations 
Premonitory sensory phenomena uncomfortable bodily and 
cognitive sensations, local tension or sensations, generalized 
inner tension, sensory urge 
Premonitory sensory phenomenon localized sensations, 
generalized urges, tension, 'just-right' perceptions 
Premonitory urge phenomena 'phenomenological descriptions 
of premonitory urge experiences found in the literature (e g , 
pressure, itch, 'just-right' perceptions)' 
105 
26 
22 
123 
12 
14 
94 
46 
41 
85 
76 5 
45 95.8 
79 5 
93.2 
71 
28 
37 
92 
98 
4-69 
14-64 
7-57 
9-60 
8-71 
22-43 
10-32 
8-19 
6-40 
8-16 
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1997; Leckman, 2003), there is no empincal evidence to support this theory (Himle & 
Woods, 2005). 
Characteristically, tics change in number, frequency, anatomic distribution, and 
complexity over time. In a typical TS course, tics first appear before the age of seven 
years and usually begin with transient periods of eye blinking or other simple facial tics. 
Vocal tics usually appear 1 to 2 years after the onset of the simple motor tics. Motor and 
vocal tics frequently change and evolve into more complex tics. The severity and nature 
of symptoms may wax and wane, with peeks of severity at 8-12 years of age in most 
cases. Although in most patients symptoms decrease during and after adolescence, only 
8% of the patients have complete and permanent remission (Leckman, 2003; Rampello 
et al., 2006; Singer, 2005). Tics not only vary over time within patients, there is also a 
large inter-individual variation in its severity. The environmental or biological factors that 
cause tics to wax and wane are unknown. Stress, anxiety, physical exercise, excitement, 
fatigue, exposure to heat, caffeine, central nervous system stimulants, and streptococcal 
infection may exacerbate tics, whereas distraction, concentration, use of alcohol, nicotine 
or cannabinoids, relaxation and sleep may decrease tic severity (Rampello et al., 2006; 
Silva, Munoz, Barickman, & Friedhoff, 1995; Singer, 2005). 
TS is diagnosed based on the patient's history and clinical assessment. There is no 
diagnostic laboratory test to establish the diagnosis. Although there is strong support that 
the disorder is hereditary and genetically predisposed, responsible genes remain to be 
identified (Pauls, 2003). According to DSM-IV-TR (APA, 2000), TS is characterized by the 
presence of both multiple motor tics and one or more vocal tics throughout a period of 
more than 12 months, during which time there was never a tic-free period of more than 3 
consecutive months. DSM-IV-TR requires a TS tic onset before the age of 18. 
Attention deficit hyperactivity disorder (ADHD) and OCD are the most frequently 
reported comorbid diagnoses in TS. Comorbidity rates for ADHD range from 50 to 75% 
(Comings & Comings, 1987; Spencer, Biederman, Harding, Wilens, di Faraone, 1995), 
and comorbid OCD is reported to occur in approximately 20 to 60% of TS patients (Grad, 
Pelcovitz, Olson, Matthews, & Grad, 1987; Pitman, Green, Jenike, & Mesulam, 1987). 
There has been debate as to the relationships of TS to ADHD and OCD. Some authors have 
suggested that TS and ADHD are not related, but that the high comorbidity rate is the result 
of ascertainment bias (Pauls, Leckman, & Cohen, 1993) It may be difficult to distinguish 
ADHD from the typically abrupt, often explosive movements of tic behaviors. Others have 
suggested that TS and ADHD are genetically related (e.g , Comings δι Comings, 1987). 
Pauls et al. (1993) reported that there may be two types of patients with TS plus ADHD, 
one where ADHD is independent of TS and another where ADHD is secondary to TS. 
When ADHD symptoms precede the development of tics, the disorders do not appear to 
be related, whereas when ADHD symptoms follow the development of tics, the disorders 
appear to be related (Pauls et al., 1993). Moreover, the high ADHD comorbidity rates 
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reported in the literature may reflect TS related impaired inhibition (Walkup et al., 1999). 
As to the relationship of TS to OCD Shapiro et al. (1978) and Shapiro and Shapiro (1992) 
noted that in the research literature many TS patients were probably misdiagnosed with 
a comorbid diagnosis of OCD due to mistakenly viewing TS symptoms (e.g., repetitive 
touching, sensory sensations, symmetry behavior) as compulsions. Shapiro et al. (1978) 
did not find OCD symptoms more often in TS patients than in a control group of psychiatric 
outpatients (13% in the TS group compared to 15% in the control group). However, Shapiro 
et al. identified a small subgroup of TS patients with comorbid OCD. Cath et al. (2000, 
2001) carried out a series of studies aimed at differentiating TS from OCD and proposed 
two subtypes of OCD: one with and one without tics. Whereas tics were associated with 
an increased frequency of repetitive behaviors that are unrelated to avoidance of harm, 
such as mental play, echo phenomena, touching and self-injurious behavior, the absence 
of tics was associated with an increased frequency of contamination and washing rituals, 
aggressive repetitive thoughts, and repetitive requests for reassurance. In line with Shapiro 
et al. (1978), Cath et al. (2000) concluded that the repetitive behaviors seen in TS patients 
have an impulsive character that should be considered as an integral part of TS and should 
be differentiated from OCD. 
1.3 Pathophysiology 
The pathophysiological basis of tics in TS and its relation to voluntary/involuntary 
aspects is not yet understood. However, several lines of biochemical, neurophysiological, 
neuroimaging, and genetic research indicate that basal ganglia structures and cortico-
striato-thalamo-cortical (CSTC) circuits may play a crucial role in the pathophysiology of 
tic disorders (Hoekstra et al., 2004; Singer & Minzer, 2003). Sensorimotor, orbitofrontal, 
and association cortices are considered relevant, and probably includes the limbic system 
as well. Hypothesized abnormalities are disorders of excess excitation or diminished 
inhibition, disruptions in frontal cortex, striatum, and abnormalities of various synaptic 
neurotransmitters (Peterson et al., 1999; Singer, 2005). 
There is evidence that the basal ganglia and related cortical and thalamic structures are 
involved not only in motor control but also in the occurrence of premonitory sensations. 
A recent functional MRl study (Fattapposta et al., 2005) showed that the supplementary 
motor area (SMA) is continuously activated in TS during the performance of voluntary 
movements, indicating an abnormal activation pattern of the motor cortex. In addition, 
electrical stimulation of the SMA evokes feelings of tension and an urge to move (Fried et 
al., 1991; Lim et al., 1994). 
Studies into the existence of premotor potentials, to investigate the voluntary nature 
of tics, have contradictory outcomes. Although Obeso et al. (1982) found no evidence 
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of premovement potentials in patients with spontaneous, simple motor tics, suggesting 
that tics were not voluntary movements, Karp, Porter, Toro, and Hallett (1996) showed 
premotor negativity during spontaneous motor tics in some patients, indicating a volitional 
component to the motor tic. This possibly indicates that simple, rapidly executed tics are 
less likely to be preceded by premonitory sensations and premotor potentials than more 
complex tics (Lang, 1991; Scahill et al., 1995). 
1.4 Treatment methods 
Medical treatments 
Pharmacotherapy for TS involves the prescription of dopamine receptor antagonists 
(neuroleptics, such as haloperidol, pimozide, sulpiride, risperidone) and Clonidine. The 
few controlled studies that have investigated the effects of pharmacotherapy in TS show 
that approximately 50 to 70% of the patients improve with a tic frequency reduction of 
approximately 50% (for a review, see Carpenter, Leckman, Scahill, & McDougle, 1999; 
Rampello et al., 2006; Sandor, 2003). However, significant side effects such as weight gain, 
akathisia, apathy, sedation, lethargy and hyperprolactinemia occur in approximately 80% 
of the individuals. Moreover, up to 90% of the patients have been reported to discontinue 
medication due to its side effects or unresponsiveness (Carpenter et al., 1999; Shapiro et 
al., 1989) The medications that are most effective for reducing tics (e.g., haloperidol) pose 
the highest side effect risks, especially for children. Medications that pose the lowest risk 
for side effects (i.e., Clonidine), also benefit the fewest patients (Peterson &r Cohen, 1998) 
Risperidone, an atypical neuroleptic, seems to be better tolerated than typical dopamine 
antagonists. In a randomized, double-blind controlled study, risperidone was found to be 
equally effective as the dopamine antagonist pimozide, although fewer extrapyramidal 
side effects were found in the risperidone group (Bruggeman et al., 2001). 
The local application of botulinum toxin has shown to be efficious for isolated, non-
complex tics, such as tics in the neck muscles or vocal cords (e.g., Kwak et al., 2000; 
Marras, Andrews, Sime, & Lang, 2001). Deep brain stimulation (DBS) is a new and 
promising approach for severe, therapy-resistant TS. DBS is applied with success in 
Parkinson's disease and has been carried out with promising results on OCD patients. In 
TS, electrodes are implanted bilaterally at the level of the medial part of the thalamus and 
in the posteroventral part of the globus pallidus internus (Ackermans et al., 2006; Singer, 
2005; Vandewalle, Van der Linden, Groenewegen, &r Caemaert, 1999). The treatment 
effects of DBS have, as yet, not been established by controlled clinical trials. 
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Psychological treatments 
Psychological interventions for TS are directed towards different treatment goals. Psychological 
interventions can be focused on the tics and pathological behaviors, on antecedent factors that 
elicit or exacerbate tics, on the psychological consequences of having a chronic disease, or on 
possible comorbid disorders. In addition, careful psycho-education for the patients and their 
families is an important part of psychological treatment (King, Scahill, Findley & Cohen, 
1999; Verdellen, Hoogduin, δι Van de Griendt, in press-a). 
Over the past four decades, various behavioral treatments for tics and TS have 
been applied with varying success. These involved massed (negative) practice, operant 
conditioning, contingency management, self-monitoring, relaxation, and habit reversal 
(for a review, see King et al., 1999; Piacentini & Chang, 2001). Unfortunately, only a few 
controlled studies have been carried out. Most studies contained small sample sizes with 
poor sample characterization, inadequate assessment strategies, incomplete description 
of treatment procedures, and lack of treatment manuals. In addition, the application of 
multiple therapy components (eg., habit reversal and relaxation training) hampers the 
evaluation of the unique contributions of each treatment technique (Carr & Chong, 2005; 
Piacenti & Chang, 2001). 
The behavioral treatment technique that currently receives most attention for the 
treatment of tic disorders is habit reversal (HR). HR offers a set of techniques that help the 
patient become aware of the occurrence of tics, followed by a so-called competing response 
training (Azrin & Nunn, 1973). HR may also comprise relaxation training, contingency 
management and social support interventions. Several mostly uncontrolled studies report 
tic reductions of 50 to 98% using HR (for a review, see Peterson & Azrin, 1993; Piacentini 
& Chang, 2001; Woods & Miltenberger, 1995). 
New insights concerning the intentionally of tics (e.g., Bliss, 1980; Leckman et al., 
1993) provide the possibility for developing alternative behavioral interventions. These 
interventions are aimed at interrupting the sequence of premonitory sensation and the 
following tic, thus preventing the tics. Exposure combined with response prevention 
(ER), which has been successfully applied in the treatment of OCD, may be of use, since 
ER is focused on disrupting this link (Bullen & Hemsley 1983; Turpin, 1983; Verdellen, 
Hoogduin, &r Plandsoen, 1994) In TS, ER consists of exposure to the premonitory 
sensations coupled with response prevention of the tic. Bullen and Hemsley (1983) 
described the case report of a TS patient, who showed improvement of voluntary tic control 
during a 15-minute response prevention exercise and relief from the premonitory itching 
sensation. Comparable to the application of ER in the treatment of OCD, our study group 
performed prolonged, i.e., 2-hour ER sessions. The results of this research project into the 
value of prolonged ER in the treatment of tics in TS are described in this thesis. 
19 
Chapter 1 
1.5 Assessment methods 
Assessing tic severity 
The variability of tics, the waxing and waning course of tic symptoms, and TS patients' 
capacity to suppress tics while being observed may complicate the evaluation of a treatment 
response. However, several clinical and observational methods have been developed that 
provide valid and reliable assessments of tic severity. 
The Yale Global Tic Severity Scale (YGTSS; Leckman et al., 1989) is the standard 
measure for clinical assessment of tic symptom severity. This semi-structured interview 
rates motor and vocal tics separately according to their number, frequency, intensity, 
complexity, and interference on a 6-point ordinal scale (0 = absent; 1 to 5 for severity). 
An overall rating of impairment, focusing on the impact of the tic disorder over the 
previous week, is added to obtain a total tic severity score ranging from 0 (no tics) to 55 
(most severe tics). The YGTSS incorporates direct observation with historical information 
and has shown good validity and interrater agreement (Leckman et al., 1989; Walkup, 
Rosenberg, Brown, & Singer, 1992). 
Other clinician-rated scales include the Tourette Syndrome Severity Scale (TSSS; 
Shapiro et al., 1988), Tourette's Syndrome Global Scale (TSGS; Harchenk, Leckman, 
Detlor, & Cohen, 1984), and the Hopkins Motor and Vocal Tics Scale (Hopkins scale; 
Walkup et al., 1992). The TSSS and TSGS are limited in that these scales fail to assess 
the wide range of tic charactenstics. Both scales have unconventional scoring procedures 
and unstable psychometric properties. The Hopkins scale combines self-report data with 
clinician assessment. When compared to other measures of tic severity, the Hopkins scale 
showed the strongest correlation with the YGTSS. However, the scale has not entered into 
common use (Walkup et al., 1992). 
Observational methods include videotaped tic counting procedures and self-
monitoring. Despite the minute-to-minute variability and sensitivity to environmental 
settings of tics, standard videotaped tic counting methods have demonstrated high levels 
of interrater agreement and at least moderate correlation with clinician ratings. Videotaped 
intervals of at least 5-minute duration provide a valid and reliable index of tic severity 
(Chapell et al., 1994; Goetz, Tanner, Wilson, & Shannon, 1987). Himle et al. (in press, as 
cited in Piacentini et al., 2006) found high correlations between a partial interval scoring 
method which only scores the first occurrence of each tic within specified time intervals 
(e.g., 10 seconds) and event frequency (e.g., counting every tic) scoring methods. In the 
Rush method (Goetz et al , 1987), patients are videotaped in three settings: seated quietly 
with the examiner in the room, reading aloud with the examiner in the room, and seated 
quietly in the room without the examiner. Following a review of the videotape, an examiner 
assesses five tic variables: number of body areas affected, frequency of motor and vocal 
tics, and severity of motor and vocal tics. A modified scoring method for the Rush scale 
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(Goetz, Pappert, Louis, Raman, & Leurgans, 1999) was developed providing a total score 
of overall tic disability that ranges from 0 (no disability) to 20 (severe impairment). The 
effect of the presence or absence of the examiner during sessions remains controversial. 
Whereas Goetz et al. (1987) emphasized the importance of the examiners absence from 
the filming room, others (Piacentini et al., 2006; Shapiro et al., 1988) found no difference 
in tic counts based on videotapes under either condition 
Self-monitoring using a daily tic diary to record tic frequency is also used to evaluate tic 
severity and treatment response. For this purpose, patients must be trained in completing the 
diary at the beginning of the evaluation (O'Connor, 2002). However, others recommended 
to not apply self-monitoring as an outcome measure as this procedure might be a form 
of treatment and result in a decrease in tics (Azrin <Sr Peterson, 1990). Direct observation 
measures in which an observer other than the patient, e.g., the patient's partner or parent, 
records tics as they occur, are considered objective (Carr & Chong, 2005). 
Assessing premonitory sensations 
Most studies that examined the occurrence of premonitory sensations (see Table 1-1) 
used interviews and questionnaires as methods of data collection. Two rating instruments 
are reported in the literature: the USP-Harvard Repetitive Behaviors Interview (Miguel et 
al., 1995) and the recently developed Premonitory Urge for Tics Scale (PUTS; Woods et 
al., 2005). 
The USP-Harvard Repetitive Behaviors Interview (Miguel et al., 1995) assesses 
premonitory sensations amongst cognitive and affective experiences related to tics, 
compulsions, and other stereotyped repetitive behaviors. Patients are asked to identify 
which phenomena precede or accompany each of the repetitive behaviors on a 0 (none) 
to 4 (extreme) severity scale. These phenomena include physical sensations, obsessions 
and physical anxiety. Although this instrument may be helpful in distinguishing TS from 
OCD phenomenology (Diniz et al., 2006; Miguel et al., 1995, 2000), it is less appropriate 
for assessing TS associated sensation severity. 
The PUTS (Woods et al., 2005) is a brief self-report rating scale that assesses the 
presence and frequency of premonitory sensations and urges along with relief that may be 
experienced after tics have been performed. The PUTS consists of nine items. Each item 
is rated from 1 (not at all true) to 4 (very much true), thus obtaining a total score ranging 
from 9 to 36. Higher total scores indicate more premonitory sensations. Preliminary 
results suggest the PUTS is a reliable and valid instrument for quantifying the premonitory 
sensations and urges for youths older than 10 years of age (Woods et al., 2005). 
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1.6 Aim and outline of the current thesis 
This thesis examines the potential value of ER as a new behavioral treatment for tics 
in TS ER consists of prolonged exposure to unpleasant premonitory sensations and 
response prevention of the tics Behavioral treatments are derived from learning theory 
principles Chapter 2 provides an overview of the behavioral treatments that have been 
developed over time to reduce tics, and the possible learning processes underlying these 
treatments Currently, HR is the treatment of choice for reducing tics In chapter 3, the 
manuahzed treatments of ER and HR are introduced and illustrated with therapist-patient 
interactions Chapter 4 presents the results of a pilot study into the effectiveness of ER 
in the treatment of tics in TS This pilot study explored the value of ER in reducing 
tic frequency and in obtaining habituation of premonitory sensations in 4 TS patients 
Chapter 5 presents the results of a controlled outcome study in 43 TS patients comparing 
ER with HR, including 3-month follow-up results Outcome measures were the YGTSS 
and tic frequency counts In chapter 6, the results are presented of a study into habituation 
of premonitory sensations as a possible mechanism of change in ER The aim of this study 
was to investigate whether TS patients can get used to these sensations when they are 
exposed to them during 2-hour ER sessions In chapter 7 the results are presented of a 
study into the rebound effect following ER tic suppression Chapter 8, finally, contains a 
general discussion and the conclusions of the findings In addition, recommendations for 
future research are offered 
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The behavioral treaimeni of tics 
2.Ί Introduction 
Whereas findings from neurophysiological research indicate a biological basis for Tourette 
syndrome (TS) and its associated phenomena, insight in the functional maintenance of 
tics may be provided by learning theory (O'Connor, 2002; Piacentini & Chang, 2001; 
Turpin, 1983). Over the past decades, several learning models have been proposed for the 
development and maintenance of tics. The earlier models focused on the behavioral aspect 
of the tic, where recent models integrate stimulus factors, i.e., premonitory sensations in 
the maintenance of the tic. 
The first conditioning model of tic disorders regarded the tic as a classically conditioned 
defense reflex, originally elicited by an aversive event such as conjunctivitis (Brain, 1928, 
as cited in Turpin, 1983). This model failed however, to account for the maintenance of 
the tic once the original unconditioned stimulus, the conjunctivitis, had been resolved. 
Instead, Yates (1958, 1970) suggested an alternative conditioning model in which the tic 
was viewed as a conditioned avoidance response elicited by 'a highly traumatic situation' 
(the unconditioned stimulus). The tic was reinforced if the performance of the tic 
accompanied the cessation of fear induced by the traumatic situation. Classically learned 
associations between 'fear arousing situations' (conditioned stimuli) and the original 
traumatic situation resulted in the tic being elicited in other fear arousing situations, 
as a result of which it developed into a powerful habit (Yates, 1958, 1970). Operant 
conditioning models ascertaining that tics arise either as a result of a traumatic incident 
or physical injury have also been suggested by Azrin and Nunn (1973, 1977). Azrin and 
Nunn hypothesized that tics develop after a physical trauma, because the tics relieve 
muscle tension that is caused by the injury The tic behavior may originally have served 
a functional purpose. For example, a patient who jerks his head may have originally 
done this to relieve muscle tension caused by a physical injury to that region of the body 
following a traffic accident. In addition, tics were thought to anse as a normal, infrequent 
component of the person's behavioral repertoire. Social reinforcement of the tics, in terms 
of secondary gain or attention seeking and lack of awareness of the tic, were thought to 
encourage the performance of tics. Thus, the tic developed into a powerful, overlearned, 
and difficult to extinguish habit (Azrin & Nunn, 1973, 1977). 
More recent learning models explain the maintenance of tics from the relief of 
unpleasant premonitory sensations that follows the performance of tics. Tics are thus 
viewed as conditioned responses to interoceptive stimuli. Through a process of operant 
conditioning tics are negatively reinforced by the tension reduction that follows the 
execution of the behavior (Evers & Van de Wetering, 1990; Hoogduin, De Haan, Cath, & 
Van de Wetering, 1996; Turpin, 1983). 
Over time several of the rationales proved to be invalid, such as the suggestion that tics 
arise from trauma, while the validity of other rationales remains unclear, e.g., the newer 
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models have difficulty accounting for the maintenance of tics that are not accompanied by 
premonitory sensations. Nevertheless, the various learning models have produced more 
or less effective behavioral treatments for tics. These treatments include massed (negative) 
practice, contingency management/operant conditioning, self-monitoring, relaxation, 
habit reversal (HR) and exposure with response prevention (ER). 
2.2 Massed practice 
Massed (negative) practice (Dunlap, 1932, as cited in Clark, 1966) was the first behavioral 
intervention for the treatment of tics, reported in the literature. Massed practice involves 
the repeated, rapid, voluntary, and effortful performance of tics for a specific period of 
time (e.g., 30 minutes), interspersed with brief periods of rest. Over time, this repetition is 
thought to lead to an increase in fatigue, and as a result of reciprocal or reactive inhibition, 
a decrease in the ability to produce the tic. Massed practice eventually leads to extinction 
of the tic by the process of building up a habit of not performing it (Yates, 1958, 1970). 
Turpin (1983) reviewed 22 studies that used massed practice and concluded that only 
three studies reported the successful maintenance of treatment gains at 6-months follow-
up. Most studies failed to find a decrease in tic frequency. A substantial number of patients 
actually experienced an increase in tics. Overall, the evidence suggests that massed practice 
is of limited therapeutic and theoretical value. 
2.3 Contingency management 
Contingency management exploits the principles of operant conditioning and is based 
on the theory that the repeated positive or negative consequences of a behavior influence 
the recurrence of that behavior. The treatment for tics consists of the manipulation of 
environmental contingencies, so that tic-free intervals are positively reinforced and 
tic behaviors are punished or ignored. When tic behaviors are not reinforced over 
a longer period of time, they gradually relinquish. To enhance self-reinforcement, a 
habit inconvenience review is used, in which the inconveniences, embarrassment, and 
suffering that result from emitting tics, and positive aspects and advantages of reducing or 
eliminating tics are reviewed (Azrin & Nunn, 1973; Piacentini & Chang, 2001). 
Contingency management is mostly used in multi-component treatment packages. 
This makes it difficult to assess the unique value of this specific technique. Although 
success is reported (Watson & Sterling, 1998), in general, positive reinforcement by 
itself is not believed to reduce the tics. Results of more than 20 case studies suggest that 
operant conditioning, in the form of praise and encouragement from significant others, 
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is considered an effective tool in motivating patient's compliance with other specific tic 
treatment techniques (King, Scahill, Findley, & Cohen, 1999; Piacentini & Chang, 2001; 
Turpin, 1983). 
2.4 Self-monitoring 
Self-monitoring consists of having the patient record tics during a specified penod by using a 
counter or a notebook. An essential ingredient of self-monitoring is discrimination training, 
i.e., the ability to identify when and in which situation a tic occurs. The technique is often 
applied in multi-component treatment packages. Studies indicate that self-monitoring 
techniques generally result in temporary improvement. Immediate, rather than delayed 
recording of tics appears to be essential for tic reduction (Billings, 1978; Turpin, 1983). 
Azrin and Peterson (1988) speculated that self-monitoring may be successful in reducing 
tics because it increases the individual's awareness of the tic, thereby facilitating self-control. 
However, increased self-awareness cannot account for the fact that decreases in tic frequency 
are also reported in subjects with limited ability to accurately monitor their tics (Wright & 
Miltenberger, 1987). An additional possible explanation for the tic-reducing effect of self-
monitonng is that self-monitoring makes the performance of the tic an aversive event. When 
the tic is recorded contingently on tic expression, this activity functions as a direct pumsher 
that serves to diminish the likelihood of future tic performance (Azrin & Peterson, 1988; 
Piacentini & Chang, 2001; Turpin, 1983). In summary, there is support for the usefulness 
of self-monitonng, although the generalizabihty and durability of treatment gains remain 
unclear. 
2.5 Relaxation 
The use of relaxation training in the treatment of tics is based on the observation 
that increases in stress and anxiety lead to concomitant increases in tic performance. 
Relaxation training includes deep breathing, progressive muscle training, and imagery. 
Relaxation is mostly applied as part of a multi-component treatment. Studies generally 
report modest and short-lived improvement in tic behavior following relaxation training, 
with in-session gains failing to generalize outside the training period. Only two studies 
examined the utility of relaxation training as a mono-component treatment under 
controlled conditions. Peterson and Azrin (1992) evaluated the use of relaxation training 
in 6 TS patients. Videotaped tic frequency counts decreased by an average of 32% per 
subject, which was less than the effect of competing response training (55% decrease) 
or self-monitoring (45% decrease). Bergin, Waranch, Brown, Carson, & Singer (1998) 
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conducted a controlled, randomized trial comparing relaxation training with minimal 
control therapy (i.e., awareness training and 'quiet time' training, consisting of exposure 
to audio cassettes of music) in 23 children with TS. Outcome measures included the Yale 
Global Tic Severity Scale (YGTSS; Leckman et al., 1989), the Hopkins Motor and Vocal 
Tics Scale (Hopkins scale; Walkup et al., 1992), and the Rush videotape scale (Goetz, 
Tanner, Wilson, & Shannon, 1987). The two groups did not differ in terms of tic symptom 
severity either at the end of the 6-week treatment or at 6-week follow-up assessment. 
Improvements in tic symptoms were only short-term. In summary, it can be concluded 
that relaxation is of limited importance in the treatment of tics in TS. 
2.6 Habit reversal 
HR offers a set of techniques that help the patient become aware of the occurrence of a 
tic, followed by a so-called competing response training to interrupt or inhibit the tic. 
HR may also comprise relaxation training, contingency management, and generalization 
training. According to Azrin and Nunn (1973), who developed HR, tics persist because 
of response chaining, limited awareness, excessive practice, social reinforcement and 
tolerance of the tic. Azrin and Nunn viewed tics as learned responses or, more specifically, 
adapted startle reflexes. A traumatic event was thought to evoke a reflex which developed 
into a tic, and then was maintained by reinforcing factors. In HR, awareness of the tics is 
enhanced through response description, response detection, an early warning procedure, 
and situation awareness training. With competing response training the patient learns to 
initiate a response for 1 to 3 minutes contingent upon the urge to perform a tic or the 
actual occurrence of the tic. Azrin and Nunn (1973) stated that the competing response 
should be opposite to the tic behavior, should be maintained for several minutes, should 
produce heightened awareness of the tic by contraction of involved muscles, should be 
socially inconspicuous, should easily fit with daily life activities, and, finally, should 
strengthen the muscles antagonistic to the tic behavior. 
Several dozens of uncontrolled studies into HR report tic reductions of 50 to 98% (for 
a review, see Peterson &r Azrin, 1993; Piacentini & Chang, 2001; Woods & Miltenberger, 
1995). However, these studies often involved small patient samples and unspecified 
diagnostic criteria. To our knowledge, there are only four randomized controlled studies 
(see Table 2-1 for an overview) that have investigated HR effectiveness in a controlled 
way: Azrin and Peterson (1990), O'Connor et al. (2001), Wilhelm et al. (2003), and 
Deckersbach, Rauch, Buhlmann, & Wilhelm (2006). Azrin and Peterson (1990) used a 
randomized, crossover group design to compare the multi-component HR program with 
a 3-month waitinglist control group in 10 TS patients. There was no significant change 
in tic frequency over time while patients were in the waitinglist condition. Following 
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the HR condition, however, mean tic frequency reductions of at least 90% were found. 
Outcome measures were videotaped tic frequency ratings performed at the institute and 
tic frequency ratings obtained at home by family members of the patients. Azrin and 
Peterson (1990) reported that following treatment, the subjective urge to perform the tic 
was greatly reduced. However, this study was limited by lack of control on session number 
and treatment duration, as treatment consisted of 20 sessions on average (range = 13 to 30 
sessions), administered over 8 to 11 months. O'Connor et al. (2001) also used a waitinglist 
control condition, and found significant tic reductions following a 4-month cognitive 
behavior (HR) treatment compared to a 4-month waitinglist period in 47 patients with 
chronic tic disorder. Results remained stable at 2-month follow-up. Treatment included 
cognitive and behavioral restructuring of the patient's approach to high risk tic situations. 
In addition, relapse prevention and generalization strategies were adopted. Outcome 
measures included 10-minute videotaped tic frequency and tic intensity ratings performed 
by trained assessors at the institute, as well as a daily tic diary in which patients recorded 
frequency, intensity and degree of control over the tic. Wilhelm et al. (2003), in trying to 
surpass the limitations of a no-treatment condition, performed a randomized controlled 
trial in 32 TS patients comparing the effectiveness of HR with supportive psychotherapy 
(SP). In SP, the focus was on experiencing, reflecting, and expressing feelings about current 
life issues. Outcome was measured with the YGTSS (Leckman et al., 1989). In addition, 
patients rated themselves on the Clinical Global Impression improvement scale (CGI-I; 
Leckman, Towbin, Ort, & Cohen, 1988). Results after 14 sessions showed that HR but 
not SP significantly reduced tic severity. At 10-month follow-up improvements remained 
significant, although HR and SP did no longer differ significantly on the YGTSS, since the 
effects of HR had reduced and the effects of SP had increased. Finally, in a replication of 
the study of Wilhelm et al. (2003), Deckersbach et al. (2006) found tic-reducing effects of 
HR compared to SP in 30 TS patients. Improvements remained stable at 6-month follow-
up However, the results of Wilhelm et al. (2003) and Deckersbach et al. (2006) were 
limited by rater bias, ι e., the assessors who rated YGTSS tic severity were aware of the 
treatment conditions to which the patients had been assigned. 
Several attempts have been made to identify the active components of the multi-
component HR package that are necessary and sufficient for tic reduction. For example, 
Miltenberger, Fuqua, and McKinley (1985) compared the effectiveness of awareness 
training plus competing response training to the entire HR package in 9 patients with 
tic disorders, and found no difference in treatment effects. Symptom reductions were 
maintained at the 7- and 15-week follow-ups. Peterson and Azrin (1992) compared the 
efficacy of a single session ofself-momtonng, competing response training, and relaxation 
in 6 TS patients. The results showed a 44% reduction in tic frequency for self-monitoring 
as compared to 55% for the competing response training and 32% for relaxation. After 
a second trial of each treatment, the effectiveness of self-monitoring decreased to 33%, 
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relaxation training remained unchanged, and HR effectiveness increased to 60%. Piacentini 
and Chang (2001) mentioned that preliminary results of a randomized, controlled trial 
suggest that awareness training plus competing response training, and, although to a lesser 
extent, awareness training-only, are promising treatments for tic disorders. In summary, 
studies indicate that the competing response and awareness training are central to HR 
effectiveness. 
The mechanisms underlying HR are currently insufficiently understood. Whereas Aznn 
and Nunn (1973) stated that the effectiveness of HR would emanate from a strengthening 
of antagonist muscles that are incompatible with the tic, several studies demonstrated 
that the response does not necessarily need to be isometrically opposite to the tic in order 
to be effective (Evers &r Van de Wetering, 1990; Piacentini & Chang, 2001; Sharenow, 
Fuqua, &r Miltenberger, 1989). Evers and Van de Wetering (1990), for example, showed 
that any response that is able to decrease the tension that arises from the premonitory 
sensation as do the tics, is to be considered an effective response. Another explanation 
for the beneficial effects of HR was found in the model of operant conditioning. From the 
viewpoint of operant conditioning the competing motor response is to be regarded as a 
punitive measure for tic behavior. HR moreover enhances self-control and active coping 
skills (Miltenberger & Fuqua, 1985). The effect of HR is also attributed to the interruption 
of stimulus-response associations. By having the patient initiate the competing response 
at the first symptom signaling the emerging tic, the tic is prevented from manifesting 
itself, thus facilitating habituation of the premonitory sensation (Hoogduin et al., 1996; 
Turpin, 1983). 
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Table 2-1. Overview of randomized controlled studies into HR in the treatment of tic disorders 
Study Patients Treatment & Design Components of HR Measurement & Outcome Follow-up period & 
Outcome 
Azrin & Peterson, 
1990 
O'Connor et al., 
2001 
Wilhelm et al., 
2003 
Deckersbach et al., 
2006 
TS HR vs WL 
(Ν = 10) Crossover 
CTD HR vs WL 
(n = 47) Crossover 
TS HR vs SP 
(Ν = 32) Parallel 
TS HR vs SP 
(N = 30) Parallel 
Awareness training 
Relaxation training 
Competing response training 
Contingency management 
Generalization training 
Awareness training 
Relaxation training 
Competing response training 
Cognitive restructuring 
Relapse prevention and 
generalization strategies 
Awareness training 
Relaxation training 
Competing response training 
Contingency management 
Awareness training 
Relaxation training 
Competing response training 
Contingency management 
- Videotaped tic frequency ratings: No follow-up 
HR > WL " 
- Tic frequency ratings by family members: 
R > WL ** 
- Videotaped tic frequency and tic intensity 2 months: 
ratings: HR > WL ** results remained stable 
- Self-rated tic frequency, tic intensity, at follow-up compared to 
and control over the tic: HR > WL ** pre-treatment ** 
YGTSS: HR > SP ' 
CGI-I: HR > SP " 
YGTSS: HR > SP * 
CGI-I: HR > SP " 
10 months: 
no relapse from post-
treatment to follow-up 
YGTSS. HR = SP 
CGI-I: HR > SP * 
6 months: 
no relapse from post-
treatment to follow-up 
YGTSS: HR > SP * 
CGI-I: HR > SP " 
Noies HR = habit reversal; TS = Touretle's syndrome, CTD = chronic tic disorder, WL = waitinghst, SP = supportive psychotherapy, YGTSS = Yale 
Global Tic Severity Scale; CGI-I = Clinical Global Impression improvement scale * p < 05; ** ρ < 01 
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2.7 Exposure and response prevention 
A more recent approach in the behavioral treatment of TS is ER. The application of ER 
to reduce tics is based on the association of unpleasant premonitory sensations followed 
by a motor or vocal tic that relieves the sensation (Bliss, 1980; Leckman, Walker, & 
Cohen, 1993). In learning theory terms, tics can be viewed as conditioned responses to 
premonitory, interoceptive stimuli (Hoogduin et al., 1996; Turpin, 1983). When such 
stimuli reoccur over time, the power of the associative interaction between the sensations 
and the resultant tic behavior is strengthened. ER aims at interrupting the association, thus 
preventing the tics to occur. The first reported application of ER in the treatment of tics 
is a case report of a TS patient, who performed a 15-minute response prevention exercise. 
During this period, the patient was able to exert voluntary tic control, whereas prior to 
treatment, she had only been able to do this for 50 seconds. Moreover, the tic suppression 
task resulted in a temporary relief from a premonitory itch (Bullen & Hemsley, 1983). 
ER is the behavior treatment of choice for obsessive-compulsive disorder (OCD). OCD 
patients are encouraged not to perform neutralizing compulsions allowing habituation 
of the anxiety and obsessive thoughts to occur. Evidence of the efficacy of ER in OCD 
is convincing, both with respect to post-treatment outcome and to follow-up results 
(Abramowitz, 1996; Van Oppen & Van Balkom, 1996; Riggs & Foa, 1993). Prolonged 
exposure to feared stimuli results in decrements of both subjective anxiety and heart 
rate (Grayson, Foa, &r Steketee, 1982; Marks, 1987). Although tic behaviors in TS are 
phenomenologically different from compulsions seen in OCD (Cath et al., 2000), tics 
bear similarities with compulsions with regard to their reinforcing character (Lang, 1991; 
Turpin, 1983). The purpose of ER in the treatment of tics in TS then is to relieve the 
unpleasant sensations, as do the tics without actual tic behavior (Hoogduin, Verdellen, 
& Cath, 1997). Theoretically, by confronting patients for a prolonged period of time with 
the sensations (exposure) and resisting the tic (response prevention), the patients learn to 
tolerate the unpleasant sensation (habituation). This will lessen the urge or need to give 
in to the tic, resulting in a reduction of tic behavior. 
Our study group has explored the potential benefits of ER in the treatment of tics in TS 
The results of this research project are presented in this thesis. There are several reasons 
for studying ER as an additional or an alternative to HR in the treatment of tics in TS 
First, one must always search for new, and possibly better treatment methods. Second, HR 
effectiveness in the treatment of tics in TS is demonstrated insufficiently using controlled 
studies. Third, the mechanisms underlying HR are currently insufficiently understood. 
ER is a behavioral treatment with a clear theoretical basis that lends itself for the study of 
underlying treatment processes. 
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3.Ί Introduction 
To date, the hallmark of behavioral interventions for tics is habit reversal (HR; Azrin 
& Nunn, 1973). As an extension to HR, and in a search for possible better behavioral 
treatments for tics, we developed a new treatment, i.e., exposure and response prevention 
(ER; Hoogduin, Verdellen, & Cath, 1997). ER is derived from the well-known repertoire 
of behavioral techniques, and is based on the finding that tics are intentionally executed 
responses aimed at relieving unpleasant premonitory sensations (Bliss, 1980). In this 
chapter the manuahzed treatments are described for HR and ER. Both treatments are 
founded on principles derived from learning theory and are aimed at interrupting the 
stimulus-response associations. HR addresses the tics one by one during 10 weekly 1-hour 
sessions. The structure of the HR sessions is largely the same: first, attention is paid to 
enhancing the patient's awareness of the occurrence of tics, followed by the selection and 
application of a competing response to inhibit the tic. ER targets all tics simultaneously 
during 12 weekly 2-hour sessions. ER starts with a 'practice phase' encompassing two 
training sessions. In these sessions, patients learn to inhibit the tics. Next, the 10-session 
treatment phase is started The patient is encouraged to resist any tics for a prolonged 
period of time and to focus attention on the premonitory sensations, thus facilitating 
habituation of the sensations to occur. 
3.2 Continuous tic frequency assignment 
To assess the treatment's efficacy, during the intake interview the patient's partner or a 
parent, in the case of children, is handed a so-called continuous tic frequency assignment. 
This assignment involves a record that is to be kept throughout the treatment. The partner 
or parent is asked to monitor the frequency of all tics each day during a pre-arranged 15-
minute interval, either with the use of a so-called golf counter or by marking each tic on 
a sheet of paper and counting the marks to make a daily total. When the patient lives 
alone, the patient himself is instructed to record the tics. Because of the fluctuations in 
tic incidence throughout the day and throughout all sorts of daily activities, scoring is 
to be carried out at fixed times and during a predetermined activity, e.g., while watching 
television, working on the computer or having a meal. 
Each session, the therapist indicates the averaged weekly tic frequency on a chart sheet 
with the weeks on the horizontal X-axis and the mean tic frequency on the vertical Y-axis. 
This chart provides insight into the baseline tic frequency and any subsequent changes 
across successive sessions. 
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3.3 Protocol of habit reversal 
For each HR session there is a chart sheet, a mirror and a stopwatch available Each 
session starts with discussing with the patient and his partner/parent the daily tic 
frequency record that has been given during the intake interview The therapist displays 
the (weekly) averaged tic frequency in the graph and reminds the monitoring person to 
continue keeping the record all through the treatment The therapist explains that this 
will help to accurately gauge the effect of the treatment sessions In the first HR session, 
an inventory is made of the most prevalent tics All individual tics are charted, ι e , not 
only the tics the patient currently exhibits in the presence of the therapist but also other 
tics that may occur or have occurred in other circumstances In addition, the therapist 
asks whether there are specific situations in which the tic frequency or severity increases 
Generally, not more than one tic per session is addressed When many tics are involved, 
it is discussed with the patient which tics he most wants to be tackled In 10 sessions 
as many tics as possible are to be attended to The patient is told that he benefits most 
from the treatment if he practises the exercises at home Specific homework assignments 
may be given to raise the awareness of the tic or on practising the competing response A 
monitoring assignment can be given to evaluate treatment response of the tic to be treated 
at hand 
Rationale 
During the first session the rationale of the treatment program is explained "Today, we'll 
start dealing with the first tic We'll first select a tic that is not too complex In general, the so-
called simple tics, eg, eye blinking and head jerking (the therapist mentions a simple tic 
the patient exhibits), respond better to treatment and it is therefore best to start with one of 
these tics We'll start by improving your awareness of the tic This means that we will train 
you how you can become more conscious of when you exhibit the tic After all, when you do 
not notice that you are showing a tic, it will be very hard for you to learn to control it Next, 
you're going to try and determine whether the tic consists of more components manifesting 
(hemselves in a particular sequence You're going to cut the tic into little pieces as it were, and 
describe each piece Many patients first experience a specific unpleasant sensation, like an itch 
or some irritation, after which they perform the tic We're going to find out whether this also 
applies to you Subsequently, after we've characterized the tic as best as we can, you'll learn 
to apply a kind of opposing movement, a so-called competing response, to prevent the tic from 
expressing itself You are to apply the competing response f or a full mmule as soon as you feel 
the temptation to perform a tic What we want to achieve is that you do not give m to the tic 
This will take a lot of practice and at first you won't always succeed This is why you aiso need 
to apply the competing movement once the tic has actually occurred This way, you'll learn to 
control the tic and, consequently, to lower their number We will be applying this procedure 
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for each separate tic and won't tackle the next tic until you can adequately or fully control the 
previous tic." 
Tic selection 
After explaining the rationale of the treatment, the therapist and the patient select the tic 
that is to be treated first. Preferably, this will concern a simple tic such as head jerking, eye 
blinking or tongue jutting. Simple tics tend to be tackled more easily and a successful first 
outcome will boost the patient's motivation and treatment compliance. 
Awareness-raising techniques 
When the tic to be worked on is selected, the next step is to enquire whether the patient is 
aware of the tic when it presents itself. When the patient is not, attention is paid to raising 
the patient's awareness. This may entail having the patient observe himself in a mirror or 
to have him record the tic. In addition, the therapist notifies the patient of the emergence 
of the tic. Each time the tic presents itself, the patient has to point this out or otherwise 
he is asked whether he has noticed the tic. Next, the patient has to describe the selected 
tic as accurately as possible. How does it start; is there anything that signals it, a sensation 
perhaps; which muscles contract during the tic, and is there a particular sequence in 
its manifestation? Generally, a simple tic consists of only a few elements. Complex tics 
generally encompass multiple components. 
Competing response selection and training 
When the patient is sufficiently aware of the manifestation of the tic and when the way in 
which it unfolds has been carefully delineated, therapist and patient can jointly devise a 
competing response to prevent the tic from progressing (for examples, see Appendix 3-1) 
The therapist asks the patient to initiate and sustain the competing response during a full 
minute as soon as he feels the tic emerging The competing response is also applied once 
the tic is in progress or has occurred. The patient has to practise and apply the competing 
response during the remainder of the session. However, when the patient does not exhibit 
any tics during the session he can also be encouraged to think of a situation in which the 
tic frequently occurs. This will possibly trigger his premonitory sensations and urge to 
perform the tics allowing the competing response to be trained. The moment the patient 
starts to feel the need to give in to the urge, he should initiate the 1-minute response to 
prevent the tic from following through. 
Selecting the tics to be addressed next 
Treatment of the first tic should be extended in the next session or sessions when it 
becomes clear that the first tic cannot yet be sufficiently controlled or when no competing 
response was selected thus far. Only if and when the first tic is under control, the next 
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tic is selected for treatment. This can be determined best on the basis of the results of 
a monitoring assignment A next tic the patient would like to see tackled is selected. 
This will enhance his motivation The patient is advised not to opt for a tic that occurs 
infrequently unless the tic is severe and truly burdens the patient. The more complex tics 
are best taken in hand from the third session onward. The entire program comprises 10 
sessions in which as many tics as possible are to be attended to. 
Sometimes new tics emerge in the course of the treatment. This is sometimes attributed 
to the treatment in hand, but one has to take into account that also in the absence of 
any treatment tics may spontaneously appear or disappear, or increase or decrease in 
frequency or intensity. The emergence of new tics mid-treatment can best be interpreted 
as an indication that changes, and thus a positive treatment effect, are feasible. A newly-
emerged tic should preferably be addressed immediately, similar to the treatment of other 
tics. The therapist has to convey optimism about the patient's abilities to overcome this 
new tic. Generally, such tics are easily controlled. 
The management of complex tics 
The treatment of complex tics may pose more problems than learning to manage simple 
tics, because complex tics tap more muscle groups and the tic itself may consist of a 
number of simultaneous or successive movements or sounds. Still, the treatment procedure 
remains unaltered: after a phase during which the patient learns to distinguish the various 
components that make up the tic, one or more competing responses are selected that 
inhibit the tic. Generally, patients are fully aware of the occurrence of complex tics. If this 
is not the case, the patient's awareness first needs to be raised by means of self-monitoring 
exercises, tic recording and by signaling the patient when he exhibits the tic. Next, it is 
crucial that the therapist and patient jointly establish the various muscle groups and body 
parts involved. Ample time is spent on training the patient to recognize and discriminate 
the various motions and/or vocalizations. It has to be assessed whether these evolve in a 
distinct sequence and the patient has to 'break up' the tic into its separate elements. The 
patient is asked to perform the tic in slow motion. The therapist also asks the patient 
whether the tic involves premonitory sensations and where these occur in the body. After 
having defined the tic in detail, the patient records the various components that constitute 
the complex tic. 
After defining the complex tic, the therapist and patient select and train an appropriate 
competing response. Especially for complex tics the selection of an appropriate competing 
response is sometimes difficult. It may be helpful to the therapist to imitate the patient's 
tic to allow for an optimal analysis of the tic's constituent parts, thus facilitating to work 
out a competing action. It should be explored first whether it is possible to find a single 
competing response to inhibit the complex tic. An adequate response for a complex tic 
that consists of jerky movements involving the trunk combined with backward shoulder 
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jerks may consist of having the patient contract the back and shoulder muscles while he 
bends slightly forward with the shoulders drawn together. If the complex tics seem more 
goal-oriented, for example when they involve the touching of objects or the repetition of 
words, a single competing response is selected to counteract the tic behavior, if possible. 
When the tic entails the touching of objects a suitable competing response may consist of 
keeping the arms folded tightly together. The vocalizations could be inhibited by pressing 
the lips firmly together. 
If the complex tic cannot be prevented by a single response, separate competing 
responses should be selected for each of the tic's components. When the eyes are 
screwed shut, the tongue is stuck out and the head is jerked fore- and backwards, either 
simultaneously or in succession, the respective competing responses may be to keep the 
eyes wide open, to press the lips firmly together and to contract the neck muscles. 
Subsequently, the patient has to practise applying the selected response(s) as early 
in the chain of successive motions or vocalizations as possible, preferably immediately 
following a premonitory sensation. He should sustain the competing response(s) for a full 
minute, even when the tic has already transpired. In case of complex tics involving rapid, 
successive actions, the response selected to inhibit the first component may already suffice 
to interrupt the chain, making the implementation of the other responses superfluous, 
unless the complex tic still happens to evolve 
Sometimes it is difficult to find a competing response that can adequately prevent the 
complex tics. The patient is then asked to practise applying a provisional response and to 
see this as a preparatory exercise. When this response proves not to inhibit the tic, a new 
response is to be worked out. The patient is encouraged to apply the tentative response at 
home and, if needed, to experiment with other responses that may prohibit the complex 
tic from occurring. To have the patient look actively for a fitting competing response 
enhances the likelihood that he can also use the same technique to counteract other tics 
that are still to be treated. 
3.4 Protocol of exposure and response prevention 
The treatment of TS by means of ER comprises 12 weekly 2-hour sessions. The intervention 
comprises an initial practise phase followed by the 'actual treatment phase'. The practise 
phase consists of two sessions during which the patient is trained to systematically suppress 
the tics. The emphasis is on response prevention. In the subsequent 10 sessions the patient 
is to continuously suppress all tics throughout the 2 hours (response prevention) during 
which time the patient's attention remains focused on the unpleasant premonitory bodily 
sensations (exposure). For each session graph sheets and a stopwatch are available. For 
the 10 sessions following the practise phase, an additional form to document the intensity 
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of the premonitory sensations is needed (Appendix 3-2) To record tics that could not be 
suppressed, a golf counter may be of use 
At the beginning of each session, the therapist explains the continuous tic frequency 
record that was handed during the intake interview and displays the (weekly) averaged 
tic frequency in the graph The patient, his partner or parent in the case of children, 
is reminded that he must continue to keep the record all through the treatment The 
therapist explains that this will help to accurately gauge the effect of the treatment sessions 
Further, the patient is told that he can benefit most from the treatment if he practises the 
exercises at home Specific home assignments may be given on training tic suppression 
and enhancing self-exposure 
In the first ER training session, therapist and patient make an inventory of the patient's 
current tics All tics are documented and the therapist asks whether they are accompanied 
by premonitory sensations such as tingling, prickling, itching, irritation or another 
(unpleasant) sensation that tends to abate when the tic is carried out The therapist then 
notes the nature of each sensation per tic 
Rationale of the practice sessions 
During the first session the rationale of the practice sessions is described "TocJa^  you're 
going to start practising to resist your tics This is not going to be easy, but you'll learn that 
resisting the tics will become easier with time, once you have tried it regularly Soon, I'll ash 
you to avert all tics for as long as you can possibly manage This means (hai you'll need to 
resist every urge, every desire to give in to each and every tic Moreover, you are to ignore all 
warning signs or so-called premonitory sensations like itching or irritability (the therapist 
mentions sensations the patient has reported) ί will use α stopwatch ίο measure the time 
you manage to sustain to do so If you happen to show a tic, I will stop the stopwatch and you 
can stop the exercise for now and relax Following a short break 1 will again ask you to resist 
all tics as long as possible Try to outdo yourself by breaking your earlier personal best We'll 
go on training until the 2 hours of the session have passed " 
Practising response prevention 
The structure of the two training sessions is the same The therapist asks the patient 
to suppress all tics as long as he possibly can To facilitate tic suppression, the patient 
adopts a comfortable, relaxed posture while practising The therapist requests the patient 
to sit up straight and to place his feet in a 90-degree angle on the floor and to keep his 
back against the chair's back The lower arms may rest loosely on the patient's thighs or 
on the arm rests The stopwatch is used to time the interval the patient does not exhibit 
any tics and the therapist provides the patient regularly with feedback about the amount 
of time that has elapsed At the first sign of a tic, the stopwatch is stopped and the time 
recorded, as well as the type of tic that surfaced first The amount of time patients succeed 
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to prevent tics may range from several seconds to several minutes, or occasionally may 
last the duration of the session The therapist praises the patient for his achievement, 
even when it concerns mere seconds, and he encourages the patient to try and beat the 
recorded time 
After three tic-prevention attempts, it is determined whether it is the same tic that 
tends to emerge first If various tics occurred, the remainder of the session is continued 
as described above Each time the same tic is implicated, the therapist asks the patient to 
focus on the suppression of this specific tic during the next attempts while the other tics 
need not be resisted Practising is continued until the patient is capable of inhibiting the 
tic for at least 5 minutes Subsequently, the therapist asks the patient to resume trying to 
suppress all tics as long as possible and the described procedure is repeated 
Most patients will better be able to prevent the tics during the second session than 
they were in the initial session The therapist keeps praising the patient's efforts and 
achievements, and he keeps encouraging the patient to try and beat his previous personal 
bests 
Rationale of the treatment sessions 
At the beginning of the treatment sessions, the therapist gives a concise account of what 
the remainder of the program will entail "Today marks the second phase of the treatment 
program In contrast to what we did in the practice sessions - which was to stop the time as 
soon as you exhibited a tic - in the next JO sessions you are going to practise non-stop for 
the full 2 hours The goal remains the same you need to resist and prevent all tics If you 
do show a tic, you are to continue resisting any subsequent tics without pause and to keep 
doing your utmost to prevent any other tics from slipping through ί wi/1 remind and support 
you While you are suppressing the tics, you will probably experience (more) premonitory 
sensations, those uncomfortable, distressing bodily sensations that accompany the tic, such as 
itching, irritation or tension (the therapist mentions sensations the patient has reported) 
that usually disappear when you give in to the tic Perhaps you will notice these sensations will 
fade away of their own accord even when you do not respond to the urge to perform the tics 
You may have already experienced this during the practice sessions and at home The more you 
practise, the higher the likelihood that the urge to give in to the tics will abate and consequently 
the tics themselves To achieve this, during the current and subsequent sessions ί will ash you 
£o resist all tics and to focus your attention on the unpleasant warning sensations and tension 
in your body This is not going to be easy, but I'll be there to support you and help you to learn 
to cope " 
Assessing the premonitory sensations 
Next, the therapist delineates the five most prominent tics and their attendant premonitory 
sensations (e g , itching, tingling or irritability) During each session, the therapist assesses 
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the severity of the sensations at 15-minute intervals and he records this on a preprinted 
form (see Appendix 3-2), which will make any changes within and across the sessions 
visible. The patient is asked to indicate the intensity of the sensations on a 5-point scale 
(0 = absent; 1 to 4 for severity) at the beginning of each session and subsequently every 
15 minutes. The therapist notes the total score for the five sensations per assessment onto 
a graph, using a new graph for each session, with on the X-axis the times of the nine 
assessments in minutes (0 - 15 - 30 - 45 - 60 - 75 - 90 - 105 -120) and on the Y-axis the 
total scores (0 to 20) of the five selected sensations per assessment. Higher scores early in 
the session and lower scores at the end, as well as high scores recorded during the earlier 
sessions and lower scores during the later sessions, reflect habituation of the premonitory 
sensations. 
Coping with response prevention 
After the continuous tic frequency record that was handed during the intake interview 
and the assessment of the seventy of the sensations have been discussed, the treatment 
starts. The therapist explains that each session the same pattern is followed. The patient 
is asked to try and prevent all tics for the duration of each session, during which time 
premonitory sensations need to be endured and not to be assuaged by tics. The therapist's 
role will consist of coaching the patient in this process. The therapist motivates the patient 
to resist all tics, he reinforces any behavior in that direction and vigorously encourages the 
patient to persist when he is having trouble withstanding the tics, if needs be by raising 
his voice. Further, he reminds the patient that the training is not to be interrupted and 
that when the patient is incapable of preventing a tic, the time is not stopped. All tics the 
patient was unable to prevent are documented. The patient has to strive for complete 
response prevention and is reminded that the best achievable result implies that he lets no 
tic get through. The therapist keeps encouraging and fostering the patient to suppress tics. 
If during the session the patient exhibits tics, he is encouraged to try to bring that number 
down the next session. The example below illustrates the instructions the therapist can 
give at the start of the session and the therapist's coaching role. 
Example 
Therapist: Today you're going to resist all tics for an extended period of time. First, try to 
relax and adopt a convenient posture. Are you seated comfortably? Place your 
feet in a 90-degree angle on the floor. Now rest your arms loosely on your legs 
or on the arm rests. Fine. In a while, I'm going to ask you to start resisting 
your tics. As in the practice sessions, the time starts as soon as you say "go". 
However; from now on the training will no longer be interrupted. Give it 
all you've got and show that you're the boss, that you're in control of your 
movements and speech. Good luck! Tell me whenever you're ready to begin. 
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Patient: Alright, I'm ready. Let's go. 
Therapist: Okay, we're off and I've started timing. Try as hard as you can to prevent all 
tics. Stay focused. Try to maintain a comfortable position. Fight the tics'. 
You may need some time adjusting, to stop them from happening... Focus 
your attention and don't let the tic take you by surprise... 
You're doing great, so far no sign of any tics. You're in control. No tics, 
no spasms, not even the slightest movement. Fantastic, keep going. You can 
fight the tics. Let's see how far we can get. Still going strong. Not a single tic, 
stay calm, totally relaxed. Go on... 
Don't allow yourself to be outwitted. Try to ignore every urge, each small 
impulse, any tiny sensation; take it on, put up with it. Don't allow a single tic 
to get through, not even the smallest. Great, you're doing really well! It's not 
easy, but you're coping. You've already managed 1 minute.' And every second 
counts, remember, any new second signifies a victory, a triumph over your 
tics. Watch out.' I see a small twitch in the comer of your mouth. Check your 
mouth, control it. Don't let the tic take you by surprise! No tics and no giving 
in. Go on, keep trying, especially now it's getting real hard. Come on, stick 
with it! Hold on, do not succumb to the urge to let the tic progress... conquer 
it. You're in charge... 
Seemingly irresistible and still you resisted! That was hard, but you're doing 
fine, excellent... Your mouth looks good, looking relaxed again, keep it up. 
You decided to fight it and you've won, it's you're first real victory. Each win 
is a new victory, a step in the right direction, a sign of success, the ultimate 
goal. Keep going... 
You've almost reached 14 minutes! Soon, I'll be asking you to tell me how 
strong your body sensations are right now. Persevere, you're still doing great. 
So far only one tic. Excellent, that's the way to do it. When you're going to 
tell me about the intensity of the sensations, you need to be alert not to let 
one of the tics pass you by. Don't let one take you by surprise. You're the boss. 
So remain focused on resisting any urges even while we're doing this intensity 
check. 
Coping with exposure 
As soon as the patient learns to manage the tics better, his attention has to be directed 
increasingly explicitly toward the premonitory sensations. The example below illustrates 
the coaching role of the therapist in focusing the patient's attention on premonitory 
sensations 
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Example 
Therapist Are_you/eeling anything7 Are you aware of any specific sensations anywhere 
in your body7 
Patient Yes, I feel something in my jaws 
Therapist Can you describe what it is you feel7 
Patient A hind of tingling and stinging I don't know how to describe it Iti annoying, 
hind of nasty It feels like I'm eating a kiwi, the kind of sting you get when 
you take your first bite 
Therapist What would you lifee to do with this "feiwi" sensation7 
Patient I fenow it'll go away once I start slamming my jaws together But I'm trying 
not to give m to it I'm resisting the urge 
Therapist Very good' Don't give m Let's see if we can dispel this sensation in another 
way Not by allowing the tic to surface but more naturally, by not succumbing 
to the urge Allow the stinging sensations to come and go, don't give m to 
them, just let them allow to fade away, gradually, by themselves 
Patient Alright I've done that be/ore But the stinging is pretty bad right now 
Therapist So you're feeling a stinging sensation A nasty stinging It reminds you of 
biting into a kiwi, that kind of sting Keep concentrating on this feeling 
Focus your attention on it and picture yourself eating a kiwi 
Patient When I think of a kiwi it only gets worse1 
Therapist That's okay Allow it to grow stronger This is how you make progress Go on 
in your battle against the tics Stop talking now, focus on this struggle, and 
direct all your attention toward this "kiwi" feeling Feel what's happening to 
yourjaws Kiwi hiwi feiwi Stinging is ofeay, tics are not No slamming 
of jaws Watch it, I thinh I see something happening there, watch it even more 
carefully now Don't you budge an inch Excellent, keep thmfemg of that 
greenish-brown little fruit with that stinging, sour taste Thmfe of it and let 
the feeling grow But don't have it overpower you' You're m control, not the 
tic, so don't give m Focus on your jaws, heep them apart, relaxed and 
keep thmfeing of kiwis, the stinging Focus on the hiwi, on the stinging, on the 
tension in yourjaws how you would love to slam them together right now, 
nice and hard But you won't' You will not give m Because you've tafeen up 
the^ght and you're proving that you can win Well done, no tic whatsoever 
Thati the way' Keep it up And how're your jaws feeling now7 
Patient The tension and the stinging are a great deal less strong Almost nothing left, 
really 
Therapist Excellent' That's an important step in the right direction Now, let's heep it 
up, leti persevere, it's you who's m charge' 
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The therapist has to keep directing the patient's attention to the premonitory sensations 
and the site where they occur. The sensations may manifest themselves at different sites 
of the body at different times. The therapist asks the patient at which site the feelings 
are strongest at this point and has him focus his attention to that part of his body. The 
therapist has to make sure the patient stays focused on the sensations and does not try to 
avoid doing so by fooling around for instance. To this end, it is best to have the patient 
talk as little as possible. It has to be stressed that this will help the patient to get used to 
the undesirable sensations. 
Exposure may be optimized by enquiring after situations or activities in which 
the patients is most distressed by his tics and premonitory sensations. If possible, the 
circumstances can be replicated during the session. For instance, the patient may be asked 
to bring along a computer game if the computer game elicits more sensations and urges 
and to use it to expand the training. The patient is told to remain alert and to resist all 
tics. Next, the patient starts playing the game and has to stop playing the moment he 
becomes aware of any premonitory sensations. The patient is subsequently to focus his 
full attention on the sensations. As soon as these have abated, he is to resume gaming and 
the procedure is repeated. 
3.5 Relapse prevention 
The therapist points out in advance that any possible relapse is part of the learning 
process and that it should be interpreted as a new opportunity to intensify training to 
apply the techniques that have earlier proved successful. During the final session, the 
therapist encourages the patient to keep applying the exercises more or less regularly after 
treatment completion. In the HR treatment the patient is told that continued attention to 
potential tics and their competing responses will enhance the chance of lasting results. In 
case of new tics the patient may consult the list with examples of competing responses for 
the most appropriate response (see Appendix 3-1). In the ER treatment the patient is told 
that continued attention to the presence of premonitory sensations and the prevention of 
potential tics will foster a lasting result. 
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Appendix 3-1 
Habit reversal - List of examples of tics and relevant competing responses 
The list may be handed to the patient in the course of the treatment or after treatment 
completion (see Azrin & Nunn, 1973; Hoogdum & De Haan, 1984; Verdellen & Kriens, 
2001) 
Tic Competing response(s) 
Motor tics 
Eye blinking 
Eye rolling/squinting 
Eyebrow pulling (raising) 
Eyebrow pulling (frowning) 
Mouth twitching/ 
pulling (grimacing) 
Yawning/Opening and 
shutting the mouth 
Tongue jutting 
Spitting 
Nose wrinkling/tweaking 
Head shaking/nodding 
Head swinging/jerking (back- and 
forward) 
Shoulder jerking/shrugging 
Arm thrusting (bending the arm(s) 
at the elbow) 
Wrist jerking/tugging 
Arm movements (spasms, twisting, 
jolting) 
Leg movements (spasms, 
waggling, jiggling, jolting) 
Leg kicking/foot stamping/tapping 
Keep your eyes open wide and fixated on some point or object 
Keep your eyes fixated on some point or object 
Frown (by pulling your eyebrows down) 
Raise your eyebrows 
Press your lips together (with or without a pencil between your lips) 
Clench your jaws together while pressing your lips together 
Clench your jaws together and keep your lips pursed 
Keep your lips pressed together 
Gently pull your upper lip down and press your lips together 
Keep your head still by contracting your neck muscles 
Keep your head still by bending it slightly forward while contracting all 
neck muscles 
Pull your shoulder(s) down and keep it (them) there 
Keep your arms stretched alongside your body (arm of steel); when 
seated, sit on them or, when standing, put your hands in your pockets 
Stabilize your hand(s) by pulling it (them) in the direction opposite to 
the direction of the tic; if seated, sit on your hands 
Keep your arms crossed or firmly stretched alongside your body 
When seated, place your feet flat on the floor and press down; when 
standing, "lock" your knees 
Stand on the leg concerned 
Vocal tics 
Vocalizations (sounds, noises, 
grunting, throat clearing) 
Snorting/sniffing 
Cursing/swearing 
Continuously breath in and out through the nose; keep a pencil in your 
mouth; whistle; swallow 
In- and exhale slowly through the mouth without pausing 
In- and exhale slowly through the nose without pausing while keeping 
your lips pressed firmly together 
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Appendix 3-2 
Exposure and response prevention - Form to document the intensity of the patient's 
premonitory sensations 
Notes for use: 
Jointly decide with the patient which five tics are most prominent. Next, note the pre-
monitory sensations (nature, site) that signal these tics in the leftmost column of the table 
below following the numbers 1 to 5. Each session ask the patient to indicate the intensity 
of these sensations on a 5-point Subjective Units of Distress (SUD) scale (0: absent, 1: 
mild, 2: moderately intense, 3: intense, 4: very intense). Start at the beginning of the 
session (0 minutes) and then check every 15 minutes until the end of the session. Add the 
scores for the five selected sensations per 15 minutes and note the total SUD-scores at the 
bottom of the table (see below). Enter the total scores in a graph with the times of the nine 
assessments in minutes (0 - 15 - 30 - 45 - 60 - 75 - 90 - 105 - 120) on the X-axis and the 
total scores (0 to 20) on the Y-axis. The course of the curve of the total scores will show 
whether the patient shows habituation. 
Session number 
Dale: 
Premonitory sensations Assessment times (in minutes) 
0 15 30 45 60 75 90 105 120 
1. 
2. 
3. 
4. 
5. 
Total SUD-score 
Intensity of the sensations: 
0 = absent; 1 = mild; 2 = moderately intense; 3 = intense; 4 = very intense (see Verdellen, 
Hoogduin, Van de Griendl, & Kriens, 2004; Verdellen, Van de Griendt, & Schino-de Bruyn, 
2004). 
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A pilot study into the 
effectiveness of exposure 
and response prevention 
Chapter 4 
A slightly altered version of this chapter was published as an article: 
Hoogduin, C A L , Verdellen, C WJ , & Cath, DC (1997) Exposure and response 
prevention in the treatment of Gilles de la Tourette's syndrome Four case studies Clinical 
Psychology & Psychotherapy, 4, 125-137 
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4.1 Introduction 
Various behavioral strategies are used in the treatment of Tourette's syndrome (TS). Some 
success has been reported following treatment involving contingency management, 
relaxation training, self-monitoring and habit reversal (for a review, see Peterson & Azrin, 
1993). Only a few controlled studies have, however, been carried out. A new treatment 
strategy involving exposure and response prevention has recently been developed, based 
on the ideas of Bliss (1980). Bliss, himself a TS sufferer, described his own experiences 
of the disorder. He expounded the notion that TS patients produced the movements and 
noises voluntarily in order to rid themselves of unpleasant premonitory sensations. Since 
the publication of Lang (1991), an increasing amount of research has focused on the extent 
to which tics can be regarded as voluntary and the existence of such sensations. In the 
study of Lang, 170 patients with various forms of hyperkinesia reported their perception 
of their movement disorders. Of the patients with a disorder other than tics, 93% assessed 
their abnormal movements as being completely involuntary, as against 32% of the patients 
with a tic disorder. The remaining 68% of the tic disorder patients felt that their tics were 
voluntary, but at the same time compelhng since they were considered necessary in order 
to achieve an end. 
In a later publication, Lang (1993) showed that in over 90% of the cases (all with tic 
disorders), the tics were preceded by certain unpleasant sensations (see also Leckman, 
Walker, & Cohen, 1993). Fahn (1993) also concluded that most of the patients experienced 
these uncomfortable sensations, previously called 'sensory tics' (Shapiro, Shapiro, Young, 
& Feinberg, 1988) and now referred to as 'premonitory experiences' (Lang, 1993) or 
'premonitory urges' (Leckman et al., 1993). Premonitory sensations can best be described 
as strange, unpleasant sensations, deep in the body or muscles, that the patient tries to 
rid himself of by intentionally and voluntarily carrying out a tic (Bliss, 1980; Bullen & 
Hemsley, 1983; Evers & Van de Wetering, 1990). These sensations resemble the sensations 
described by patients who suffer from a condition known as 'restless legs'. They experience 
an unpleasant feeling in their calves that they can only relieve by moving their legs. These 
publications have given rise to a lively debate within the scientific community about the 
nature of a tic: voluntary or involuntary? 
The word 'involuntary' was omitted in the DSM-IV (APA, 1994) definition. However, 
up until 1994, DSM-I1I-R (APA, 1987, p.78) defined a tic as an involuntary, sudden, 
rapid, recurrent, nonrhythmic, stereotyped, motor movement or vocalization which is 
experienced as irresistible, but which can be suppressed for varying lengths of time. But 
this definition actually added to the lack of clarity, for how is 'involuntary' a movement 
that 'can be suppressed'? If the patient can resist carrying out the movement, can control 
it, master it, is the movement truly 'involuntary'? Surely it can be said that when patients 
produce tics in order to rid themselves of unpleasant sensations, these tics can no longer 
51 
Chapter 4 
be seen as involuntary. Fahn (1993) put forward the following propositions relating to 
the voluntary/involuntary issue The first is that the motor or vocal action produced in 
response to a local premonitory sensation is voluntary; the second is that the generalized 
discomfort or urge that precedes the action is involuntary. Fahn's conclusion was that the 
tics could best be described by using the word 'unvoluntary'. 
However, the possible existence of a sequence of unpleasant premonitory sensations 
followed by a motor or vocal tic may imply that interventions can be developed, the purpose 
of which is to interrupt the sequence, thus preventing the tics. These interventions could 
be designed to relieve the unpleasant sensations, as do the tics. The objective in this would 
be habituation; if patients could learn to habituate to the sensations, then the compulsion 
towards tic behavior would diminish and, along with it, the behavior itself. This gives 
rise to the question: Do patients habituate to these premonitory sensations when they 
are exposed to them over a long period? According to Bliss (1980) control is possible, 
but not total extinction: 'When extinction of symptoms is achieved the symptoms will 
constantly recur and need to be confronted and extinguished endlessly'. He further asserts 
that 'after a prolonged period of control the patient will often feel the need to recompose 
himself by a perfect debauch of tics'. Bullen and Hemsley (1983) demonstrated that if the 
patient could be brought through a form of exposure and response prevention to ignore 
the sensations, these would eventually dimmish. They presented the case history of a 
patient who, as a result of this procedure, was able to suppress the tics for many minutes, 
whereas prior to treatment, she had only been able to do this for 50 seconds. Indications 
that it might be possible to use habituation in the treatment of TS came from Turpin and 
Powell (1984). They were unable to find evidence in support of the hypothesis that tic 
disorder patients deviate from a healthy control population in their habituation of sensory 
stimulation (physiological arousal was measured). 
The present study of 4 patients with a severe form of TS tested the hypothesis that 
the tics are not involuntary and that habituation of the premonitory sensations can be 
achieved by resisting the motor and vocal tics. If these impulses can be withstood for 
long enough, within-session habituation will result and this will lead to between-session 
habituation, without the patient needing to have recourse to what Bliss described as 'a 
perfect debauch of tics'. 
4.2 Method 
Training sessions 
First, the patients underwent two training sessions in which they were asked to resist the 
impulse to produce the motor or vocal responses. These sessions took 2 hours each and 
were aimed at getting the patients to suppress the tics for gradually longer periods The 
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patients were given the task of resisting the tics for as long as possible The therapists 
timed the penod on a stopwatch, stopping it when a tic was produced They then urged 
the patients to try to better their performance the next time The role of the therapists here 
was that of a coach, spurring the patients on, constantly emphasizing the need to resist the 
urges, and raising their voices when a new motor tic seemed about to occur, or sometimes 
taking the seemingly contradictory approach of telling the patients to let go, to give in to 
the urges, to engage in tic behavior if that was what they really wanted 
In these training sessions, emphasis was placed on response prevention, without the 
patients being urged to concentrate on the premonitory sensations, without them feeling 
these to the full After the sessions, the patients seemed quite capable of resisting the tics 
for longer periods (a minimum of 15 consecutive minutes) At that point, exposure was 
added to the procedure 
Exposure and response prevention 
The habituation hypothesis was tested over 10 treatment sessions Each session consisted 
of a 2-hour exposure to the sensory experiences and response prevention of the tics and 
other pathological motor actions In these sessions, the intervals between tics were not 
recorded, but the incidence of tics was All treatment sessions were video-recorded The 
patients had to try to sit still for 2 consecutive hours The therapists helped the patients to 
carry out the response prevention in the same way as described for the training sessions 
When a tic occurred, the therapists urged the patients to try even harder, reminding 
them of their decision to be the boss and to gain control Exposure to the sensations and 
urges could be achieved through response prevention The therapists repeatedly asked the 
patients to concentrate on these sensations and their specific locations in their bodies It 
was explained to the patients that the unpleasant sensations would arise and subsequently 
subside, even without a tic being produced The therapists challenged the patients to 
experience these sensations to the full and to do battle with them The therapists constantly 
reminded the patients of what they would gain if they managed to endure them Although 
no specific assignments were given after the sessions, the patients were reminded that 
they would gain maximum benefit from the treatment if they practised at home what they 
had learned 
Measurements 
Withm-session habituation 
Five premonitory sensations were selected prior to treatment Before and during treatment 
sessions the therapists asked the patients to rate the seventy of these sensations on a visual 
analogue scale from 0 to 5 Ratings were taken before the session and subsequently at 15-
minute intervals At each rating, a total sensation seventy score was obtained, ranging 
from 0 to 20 
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Beiwecn-session habituation 
A member of the family was asked to monitor the incidence of motor and vocal tics during 
a fixed period each day, using a mechanical counter. Because motor or vocal tics serve 
to relieve the unpleasant sensations, a decrease in the latter should result in a between-
session decrease in the incidence of the former. 
At various occasions, during and after treatment, the patients and family were asked to 
rate the percentage of improvement. 
4.3 Case material 
Case I 
Jan was a 30-year-old man with a history of motor tics, head-banging and self-beating, who 
was unable to follow any educational courses or hold down a regular job. He had suddenly 
been beset by tics when he was 14 years old and had subsequently developed a severe form of 
TS. Besides vocal tics and vanous tics which caused him to grimace, sniff, blink, and shrug, 
he was overwhelmed by all kinds of, often auto-aggressive, impulses He was also prone to 
spitting, jumping and hitting himself. He hit his head against the wall, punched himself in 
the face, and kicked out, hitting his ankles against the table. As a result his hands, legs and 
face were covered with scars and the jumping had severely damaged his joints, although 
he had long since tried to protect himself against his impulses by wearing a sort of crash 
helmet and shoes with specially sprung soles. Various kinds of self-control procedures had 
produced no effect whatsoever. He was quite unable to gain any control over his impulses. 
Relaxation, autohypnosis, habit reversal, treatment by medication (haloperidol, diazepam); 
nothing had worked. At the time of referral Jan had two holes of some 3 cm in diameter 
in his right and left temples. They were covered by thick, purulent scabs. His hands and 
knuckles were damaged in several places as a result from hitting against the wall. In addition, 
he showed signs of a progressive cerebellar syndrome with balance disorders and severe 
coordination disorders, i.e., a punch-drunkenness resulting from the head-banging. He spat 
on the floor and frequently sprang up out of his chair and jumped high in the air, screaming. 
Jan hit himself in order to relieve an unbearable itching sensation under the skin, an action 
from which he could simply not refrain. His motor tics were also preceded by unpleasant 
sensations, this time in the muscles and throat, which the tics helped to relieve. It seemed 
possible that if he could become accustomed to the unbearable itch and the unpleasant 
sensations, he would feel less need to hit himself or to produce the movements and sounds. 
He would have to be taught, possibly with the help of some physical restraint, to stop hitting 
himself and to stop the tic behavior for a while in order to give the habituation a chance. 
Jan was on 5 mg diazepam per day and it was decided that this should remain unaltered 
during the course of his treatment, which lasted 10 weeks. The following five premonitory 
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sensations were selected to serve as a measure of within-session habituation: 
(1) Itching sensations precursory to auto-mutilative behavior. 
(2) A sensation in the throat occasioning the urge to scream. 
(3) Sensations in the legs occasioning the urge to jump. 
(4) Dysaesthesia elsewhere in the body. 
(5) An overall feeling of tension. 
His mother monitored the incidence of auto-mutilative behavior from 5 to 6 o'clock ρ m. 
each day. 
Results 
Figure 4-1 shows clearly how the intensity of the premonitory sensations decreased over 
the treatment sessions. For the sake of clarity, the results of only the uneven sessions are 
given. It can be concluded that there was habituation of the various sensations Sessions 
9 and 10 are in fact represented as a straight line, running virtually parallel to the X-axis, 
but with no other positive scores. 
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Figure 4-1. Graphic representation of the within-session habituation (sessions 1, 3, 5, 7, 9) (case I). 
The incidence of the motor responses during the 10 treatment sessions (every response, 
even a partial tic was counted) remained unaltered (about 40 per session). There was no 
significant difference between the frequency of these motor responses during the first and 
the last 15 minutes of a session. Neither was there any increase in frequency as a result of 
resisting the responses. 
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Figure 4-2 shows that the week before commencement of treatment, Jan had hit himself in 
the face over 100 times, registered over 1 hour. By the end of treatment this had decreased 
to about 20 times and remained more or less unchanged over the 4 weeks of follow-
up registration. At 2-month follow-up, this had increased to 35. During treatment, the 
wounds caused by the auto-mutilative behavior healed. 
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Figure 4-2. Graphic represemation of ihc incidence of auto-mutilative behavior per hour (case I) 
At the end of treatment, Jan felt that his condition had improved by 60%; his mother's 
assessment was 40-50%. At the 2-month follow-up, he thought his condition had not 
improved at all. A second treatment regime of a further 10 sessions produced no additional 
improvement in Jan's condition, however. Indeed, almost 2 years later, he was still an 
invalid and, sadly, broke his arm in an outburst of auto-mutilative behavior. 
Case II 
Frances, a 12-year-old girl, had developed TS at the age of 5, although the condition had 
not actually been diagnosed until 3 years later. At first there were only slight movements, 
but later she developed vocal and other tics. She was unable to resist the motor tics for 
longer than 6 seconds. Her parents did not dare leave her alone because of her uncontrolled 
behavior. She was beset by impulses to throw herself off her bike, off chairs and down the 
stairs. She was also given to spinning round and round. She would begin quite slowly 
but, after some minutes, spun faster and faster and would keep this up for hours, until 
she was no longer able to walk or even stand. This behavior obviously made it impossible 
for her to attend school and, when she presented for treatment, she had already been 
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off for 3 months. She was unable to tolerate halopendol. Frances presented with a high 
frequency of tics in the eyelids, as well as movements of the right arm and leg, shrugging, 
nose-twitching, trembling of the right-hand and corner of the mouth, and vocal tics. She 
also regularly suffered from cramp in the feet, hands, legs and stomach muscles, and 
often held her eyes tightly closed. She sometimes lost her voice and she also suffered from 
tachypnoea (long periods of rapid, shallow breathing). Because of her complaints she was 
often unable to write or speak, or to ride her bike or engage in any sporting activities Her 
complaints increased when she was tired or feeling out of sorts, sad or angry. 
At the first training session Frances was unable to resist the motor responses for longer 
than 8 seconds. Over the two training sessions, she managed to increase the penod of time she 
could refrain from carrying out the tics from 8 seconds to the full 2 hours. After the training 
sessions, the 10 2-hour exposure and response prevention sessions started. The following five 
premonitory sensations were selected to serve as a measure of within-session habituation: 
(1) Sensations occasioning the urge to contract the face or trunk muscles. 
(2) Sensations occasioning the urge to contract the leg muscles. 
(3) Sensations occasioning the urge to blink. 
(4) A sensation deep in the nose precursory to vocal tics. 
(5) A feeling of intense general muscular tension. 
Her mother registered the incidence of tics for 10 minutes at a fixed time each day. 
Results 
Measurement of the premonitory sensations revealed that scores at the beginning of the 
sessions did not differ significantly from those at the end (see Figure 4-3). Although total 
sensation severity scores were relatively low (ranging from 2 to 7) during the sessions, no 
within-session habituation was observed. During the sessions, only one motor response 
was observed. 
The frequency of tics per 10 minutes decreased considerably. At the beginning of 
treatment, the patient showed an average of approximately 200 tics per 10 minutes (some 
days this increased to around 400 tics). By the end of the treatment this number had been 
reduced to 35. On follow-up 2 months later, not a single tic was observed. Six months 
after treatment termination, this situation remained the same (see Figure 4-4) 
Both Frances and her parents were asked to give a subjective assessment of improvement. 
After the 10 treatment sessions she herself felt that there was a 50% improvement in her 
condition On follow-up after 2 months, this had increased to 90% in her opinion, and 
80% in that of both parents. Although at that time she still complained that she sometimes 
had cramps and a feeling of tension, particularly in the legs, Frances was able to attend 
school, ride her bike, take part in sporting activities and go on holiday. On follow-up after 
3 years, she considered herself to be 99% improved. 
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Figure 4-3. Graphic representation of the within-session habituation (sessions 1, 3, 5, 7, 9) (case II). 
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Figure 4-4. Graphic representation of the incidence of tics per 10 minutes (case II) 
Case III 
Peter was a 25-year-old man who had been troubled by tics since he was 10. In the beginning 
these mostly consisted of eye-twitching and some soft, simple vocalizations. Subsequently, 
he also developed motor tics such as head-shaking, gnmacing, blinking, and twitching of the 
neck, shoulders, trunk and limbs. The vocal tics also developed into growling and snorting, 
and he had problems with his voice suddenly becoming high-pitched when he was speaking 
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Since then the clinical picture had remained more or less unaltered. He first sought help when 
he was 19 and TS was diagnosed when he was 21. He took haloperidol for a month but had to 
stop taking it because of side-effects. He lived with his girlfriend. He had studied economics 
but was unemployed, his symptoms making it very difficult for him to apply for a job. 
When he presented for treatment he suffered mostly from vocal tics and motor tics of the face, 
neck and upper extremities. He reported that the tics increased when he was tired or stressed. 
The tics also bothered him a great deal when he was watching television, when he was trying 
to perform some kind of action, and during speech. Tics decreased with concentration. Peter 
could feel in advance whereabouts in his body the tics were about to occur. The following five 
premonitory sensations were selected to serve as a measure of within-session habituation: 
(1) Sensations precursory to movements in the upper extremities. 
(2) Sensations precursory to contractions of the arm and/or leg muscles. 
(3) Sensations occasioning the urge to grimace or blink. 
(4) Sensations precursory to vocal tics (tension in the stomach muscles). 
(5) A feeling of intense general muscular tension. 
His partner registered the incidence of motor and vocal tics for 10 minutes at a fixed time 
each evening. Both Peter and his partner estimated his improvement percentage. 
Results 
The curves produced by measurements taken at the 15-minute intervals show that there 
was habituation of the various sensations (see Figure 4-5). 
20 
15 
no 
5 
key 
- A — 
« 
- O -
• 
session 1 
session 3 
session S 
session 7 
session 9 
15 30 45 60 75 
minutes 
90 105 120 
Figure 4-5. Graphic representation of the within-session habituation (sessions 1, 3, 5, 7, 9) (case III) 
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The premonitory sensations were markedly higher at the beginning of the sessions than at 
the end. The incidence of tics was registered during treatment sessions and it seemed that 
Peter was well able to suppress them. In total 26 tics (both motor and vocal) were registered 
scattered over all sessions, most of them occurring in the first two sessions (16 tics) 
Over the course of the treatment the frequency of the tics decreased considerably (see Figure 4-
6). At baseline level the patient executed an average of approximately 350 tics per 10 minutes. 
On some days this figure rose to around 500. At the end of the treatment this was reduced 
to 95. On follow-up after 2 months this averaged 70. After five treatment sessions Peter felt 
that his condition had improved by 20% and after 10 sessions by 45%. On follow-up after 2 
months he was less optimistic and reported an improvement of 30% on his condition pnor to 
treatment. At that time his partner estimated the improvement as being 15%. 
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Case IV 
Ronald had been troubled by tics since he was 11 At first the tics were only in his face 
(blinking, closing his eyes tightly and looking away), but later other motor tics appeared 
(such as shaking the head and movements in the shoulders, limbs and fingers), as well as 
vocal tics (coughing, clearing his throat and repeatedly saying 'yes'). For a short time he 
had the additional problem that he kept opening and shutting doors. Although, over time, 
the tics varied in terms of severity, number, frequency and anatomical location, never a 
day went by in which Ronald was free of them. 
When he presented for treatment Ronald was 22 years old. His main problems were 
head-shaking, touching objects and himself, movements in his limbs and making humming 
noises. He also reported having some breathing problems. Sometimes he made so many 
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shaking movements, one after the other, that he became breathless. He was also troubled by 
obsessional thoughts; he felt compelled to touch objects a certain number of times in order 
to avert dreaded events, such as failing an exam. Ronald was at university (in his fourth 
year) and said that the greatest difficulty he had with the tics was when he was studying. 
The constant movements distracted him and wore him out and, as a result, he was behind 
with his studies. He was afraid that he would have problems in the future (taking driving 
lessons, applying for jobs) so he really wanted to be rid of his complaints. He was not on any 
medication, nor ever had been. He had been seeing a psychologist with whom he had talked 
a lot and learned relaxation techniques. However, this had had no effect. Ronald reported 
that the tics increased when he was studying, reading or watching television, and also when 
he was with people he knew, or when he felt stressed or tired. During physical exertion, on 
the other hand, or when he was in the company of people he did not know or when he was 
engaged in some relaxing activity such as taking a walk, the problem subsided. He said that 
he could feel, although not always, where in his body a tic would occur. The following five 
premonitory sensations were selected to serve as a measure of within-session habituation: 
(1) A sensation in the throat precursory to vocal tics. 
(2) A sensation at the back of the neck occasioning the urge to shake the head. 
(3) Sensations in the limbs occasioning the urge to move the limbs. 
(4) Sensations occasioning the urge to touch things/parts of the body. 
(5) A feeling of intense general muscular tension. 
Because Ronald lived alone, he registered the incidence of motor and vocal tics himself 
for 15 minutes at a fixed time each evening. He estimated his improvement percentage at 
various points during treatment. 
Results 
The curves produced by measurements taken at particular moments show that there was a 
tendency towards habituation of the vanous sensations (see Figure 4-7). In the first treatment 
sessions in particular, the seventy of the sensations increased during the session (with a 
maximum total sensation seventy score of 14), and decreased at the end of the session. However, 
even during the final sessions, the total sensation seventy score remained between 5 and 10. 
A total of nine tics was registered scattered over the treatment sessions Thus it seemed 
that Ronald was well able to suppress the tics. 
Figure 4-8 shows that, before treatment, Ronald registered an average of around 200 
tics per 15 minutes. At the end of the sessions an average of around 65 was registered. On 
follow-up after 2 months this had, however, increased again to an average of approximately 
100 tics per 15 minutes. 
At the end of treatment, Ronald felt that his condition had improved by 50%. On 
follow-up after 2 months, he estimated the improvement as being 40%. 
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4.4 Discussion 
These 4 case studies of patients with a severe form of TS suggest that treatment using exposure 
and response prevention can bring about a decrease in the number of motor and vocal responses. 
There was a reduction in measured ticcing behavior (at the end of treatment) ranging from 
68% (case IV) to 83% (case II). At follow-up after 2 months, the improvement in ticcing 
behavior ranged from 50% (case IV) to 100% (case II). In cases I and IV, the improvement, 
as measured at the end of treatment, had decreased at follow-up 2 months later In cases II 
and III, there was a further improvement at follow-up measurement. All subjects reported a 
subjective improvement at the end of treatment, ranging from 45% (case 111) to 60% (case 1). 
At follow-up after 2 months, however, the subjectively rated improvement had decreased in 
3 patients (case I: 0%, case III: 30%, case IV: 40%). One patient (case 11) reported a further 
improvement at follow-up; after 2 months she considered herself to be 90% improved. 
There was a difference between the reduction in tics registered at home, and the 
estimation of improvement made by the patients. In most cases, this estimated percentage 
of improvement was lower than the reduction in tics registered with the mechanical 
counter at home. The difference was most obvious at follow-up after 2 months. Although, 
compared to the baseline measures, the measured reduction in tics was still 50% at least 
(case 1, 65%; case II, 100%; case III, 80%; case IV, 50%), the estimated percentages of 
improvement by the patients themselves were lower (case I, 0%, case II, 90%; case III, 
30%; case IV, 40%). Explanation of this difference can at best only be a guess, but it 
seems reasonable to suppose that case 1, case 111, and case IV were disappointed because, 
although the frequency of tics had declined considerably, they were still producing quite a 
number of tics in 10 or 15 minutes. Case I, in fact, still hit himself 35 times an hour 
It can be argued that the measured reduction in tics in all 4 patients was due to the waxing 
and waning nature of TS. This could be especially so in case II who further improved after 
treatment and who was still tic-free at follow-up after 3 years. In case I, the improvement was 
not maintained and a further 10 sessions produced no additional improvement in his condition. 
Two years after treatment, he was unfortunately still an invalid. Similarly long-term follow-up 
information is not available on case III and case IV, and this would be needed in order to be 
able to say with more certainty that their improvement was due to the treatment, and not the 
waxing and waning nature of the syndrome. At this point, it needs to be mentioned that all 4 
patients had severe tic symptoms for many years before they entered treatment. Although case 
I did not benefit from an additional treatment regimen, it seems reasonable that 12 sessions 
are not enough for most TS patients to obtain significant, lasting tic reductions. Furthermore, 
it is possible that the exercises need to be practised at home to obtain generalizing results. 
Although all patients were urged to complete the exercises at home, they did not all report 
having done so. Case II practised the exercises at home and this may be why she benefited so 
much from treatment and also why she improved even further after treatment. 
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There was no evidence of within-session habituation in case II. This is possibly due to 
the fact that premonitory sensations were too high in frequency for the broad assessment 
adopted. Nevertheless, the general urge she felt to exhibit motor responses was significantly 
reduced. 
Finally, we have to address the 'rebound' issue. Were the patients able to contain 
themselves whilst registration was taking place, only to burst forth afterwards into 'a 
perfect debauch of tics'? According to the patients, this was not the case, nor according 
to the family members registering them; neither was any rebound phenomenon observed 
during the 15-minute talk following the treatment sessions. Further research is needed to 
address this issue. 
Clearly, the value of this new treatment method of exposure and response prevention 
(as well as the value of the two training sessions) requires further investigation. Controlled 
studies involving a greater number of patients, longer-term baseline assessments and 
follow-up measurements are needed. 
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A Lomrolled outcome study 
5.1 Introduction 
Tourette's syndrome (TS) is a neuropsychiatrie disorder characterized by multiple motor 
and vocal tics. Tics are sudden, rapid, recurrent, nonrhythmic, stereotyped movements 
or vocalizations that are experienced as irresistible but can be suppressed for varying 
lengths of time (APA, 2000). Tics and TS related impulsive behaviors can be provoked 
by both external and internal events (Eapen, Monarty, & Robertson, 1994; Leckman, 
King, & Cohen, 1999). Bliss (1980) had described unpleasant sensory sensations 
that precede tics, and that can be relieved by performing the tic. This description has 
challenged the commonly held belief that tics are involuntary. Several studies addressing 
the phenomenon of premonitory sensations and the intentional nature of tics have been 
performed thereafter (for a review, see Scahill, Leckman, & Marek, 1995). In tic disorder 
patients, over 90% of tics seem to be preceded by unpleasant sensations and urges in 
contrast to 7% of patients with other movement disorders (Lang, 1991; Leckman, Walker, 
& Cohen, 1993). In general, performance of tics relieves these sensations. In addition, 
there seems to be a relationship between the experience of premonitory sensations and the 
ability to suppress tics (Kurlan, Lichter, & Hewitt, 1989). 
Whereas a biological basis for TS and its associated phenomena is generally assumed, 
insight into the functional maintenance of tics may be provided by learning theory 
(Turpin, 1983). Through a process of operant conditioning, i.e., negative reinforcement, 
the association between unpleasant premonitory sensations and the following tic that 
relieves these sensations, may account for the maintenance of tics. Due to their potential 
to eliminate unpleasant sensory stimuli, tics can be considered as conditioned responses 
that are performed whenever a new sensation appears. In addition, through classical 
conditioning, different kinds of stimuli (i.e., cognitive, emotional, and external) may 
become associated with the premonitory sensations and ticcing responses. 
Derived from learning theory principles, interventions have been developed that 
aimed at interrupting the stimulus-response associations. To date, the hallmark of 
behavioral interventions for tics is habit reversal (HR). HR is based on the premise that 
tics are maintained by response chaining, lack of awareness of their occurrence, excessive 
practice, social reinforcement and tolerance of the tics (Azrin &r Nunn, 1973). The 
primary ingredients of HR are an awareness training on the occurrence of a specific tic, 
and subsequently, the application of a response incompatible with the tic, to interrupt 
or inhibit the tic (Miltenberger, Fuqua, & McKinley, 1985; Peterson & Azrin, 1992). In 
addition, HR sometimes comprises relaxation and reinforcement techniques (Azrin & 
Nunn, 1973; Peterson & Azrin, 1992). By applying HR, tic reductions between 55 and 
95% have been reported (Peterson & Azrin, 1993). 
Denved from the well-known repertoire of behavioral techniques, exposure and 
response prevention (ER) has been developed as a new strategy for tics (Hoogduin, 
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Verdellen, & Cath, 1997). ER entails exposure to the sensations and urges that precede 
tics, and response prevention of the tics. Theoretically, the patient habituates to the 
premonitory sensations, which thus results in tic reduction (Hoogduin et al., 1997). 
ER has proven to be effective in the treatment of obsessive-compulsive disorder (OCD; 
Abramowitz, 1996; Riggs & Eoa, 1993). Tics in TS bear similarities with compulsions 
seen in OCD with regard to their intentional character (Cath et al., 2001; Lang, 1991, 
Turpin, 1983). In OCD, prolonged exposure to feared stimuli by means of ER results in 
decrements of both subjective anxiety and heart rate (Grayson, Eoa, & Steketee, 1982; 
Marks, 1987). In one report of a TS patient, improvement of voluntary tic control and 
relief from the premonitory itching sensation has been demonstrated using ER (Bullen 
& Hemsley, 1983). Hoogduin et al. (1997) have tested the habituation hypothesis in TS 
patients during 10 2-hour sessions, in which the patients were exposed to the sensations 
while suppressing every tic or impulse. Within-session habituation was found in 3 out of 
4 patients. Improvements in ticcing behavior varied from 68% to 83% (Hoogduin et al., 
1997). 
Studies on HR are in most cases uncontrolled, containing small sample sizes 
and poorly defined diagnostic criteria. The aim of the present study was to perform a 
controlled study, extending the preliminary data on ER in TS, using larger sample sizes, 
and in comparison with HR. The first hypothesis was that both ER and HR are effective 
in reducing TS tic symptoms, although the effect is possibly accomplished by different 
pathways of stimulus-response interruption in both techniques (Azrin & Peterson, 
1990; Hoogduin et al., 1997). The second hypothesis was that ER results in larger tic 
symptom reductions than HR, since ER explicitly intervenes in the response sequence as 
early as possible, i.e., immediately following the premonitory sensation. Early sequence 
interruption is associated with larger behavior change than disrupting the response 
sequence in the middle (Baumeister, Heatherton, & Tice, 1994). In addition, ER is directed 
towards disrupting the response sequence for all tics at once, whereas HR intervention 
focuses at one tic at a time. 
5.2 Method 
Patients 
Patients were referred for this study by the National TS foundation and by psychiatrists 
and neurologists from various outpatient services. For inclusion in the study, the patients 
had to meet DSM-IV criteria (APA, 1994) for Tourette's disorder. Exclusion criteria were: 
major depression, psychotic disorder, autism, mental retardation, and the presence of a 
neurological disorder other than TS. The use of medication during treatment was not 
considered an exclusion criterion, provided it was adhered to a fixed daily dose throughout 
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the study. Two experienced clinicians (first and fourth authors) independently screened 
the patients on inclusion and exclusion critena. Forty-five referred patients met the 
inclusion and exclusion criteria. Written informed consent was obtained from the patients 
as well as from their parents when children were involved. Two patients withdrew from the 
study after completing the intake procedure and before randomisation, one due to travel 
expenses, and the other due to a substantial reduction of tics by the time of referral. Of 
the remaining 43 patients, 34 were male and 9 were female. The mean age of the sample 
was 20.6 years (SD = 12.1; range 7-55). Mean age of onset was 6.8 years (SD = 3.6; range 
3-18), and mean duration of TS symptoms was 13.8 years (SD = 10.7; range 1-45). Forty 
patients (93%) reported premonitory sensations (i.e., local or global sensory sensations 
and urges) associated with at least some of their tics. Seventeen patients (40%) were 
taking medication to reduce tics. These included antipsychotics (n = 13) and Clonidine (η 
= 5); one patient used both pipamperon and Clonidine. Twelve patients (28%) had used 
TS medication in the past. One patient used antidepressants (amitriptyline) at the time of 
referral. Of the 43 patients, 6 (14%) had an additional DSM-1V diagnosis of OCD and 13 
(30%) of attention-deficit hyperactivity disorder (ADHD) 
Design 
Patients were treated either at an outpatient clinic of the Radboud University Nijmegen or 
at a multicentre private outpatient institute for work related and somatoform disorders. 
After the intake procedure, randomisation was conducted separately for patients with and 
without medication to either ER (n=21) or HR (n=22) Next, pre-treatment assessment 
was administered to both groups. Subsequently, patients in the ER condition received 12 
weekly treatment sessions, including two training sessions, in which patients learned to 
suppress tics. Patients in the HR condition received 10 weekly treatment sessions. A post-
treatment assessment was completed 1 week after the last session for both conditions. All 
assessments and treatment sessions were videotaped. 
Follow-up data were obtained 3 months after the last treatment session. For 12 
patients (57%) from the ER group and 13 patients (59%) from HR, follow-up was 
obtained 3 months after having received additional treatment according lo a crossover 
design. Assignment to the alternative treatment had taken place in accordance with 
routine clinical practice. 
Therapists and assessors 
Therapists were graduate students in clinical psychology fulfilling their practical training 
at one of the participating institutes. Therapists were carefully trained in applying the 
treatment protocols for ER and HR. During the study, they received supervision every 
2 weeks, in which each patient was extensively followed and problems were discussed. 
Videotaped sessions were viewed during supervision to enhance treatment integrity. 
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Assessors were research assistants who had received an extensive training in administering 
the YGTSS and in the rating of videotaped tic frequency. Following the method recommen-
ded by Shapiro, Shapiro, Young, and Feinberg (1988), before rating each videotape, 
assessors viewed a segment of the videotape to establish consensus concerning the tic 
symptoms. 
Treatments 
Both treatment conditions were conducted according to treatment manuals for ER (described 
in Hoogduin et al., 1997; Verdellen, Hoogduin, & Plandsoen, 1994), and HR (Azrin & 
Nunn, 1973; Azrin & Peterson, 1990). Sessions in the ER condition lasted for 120 minutes 
each, corresponding to the recommended time to attain habituation in the treatment of OCD 
(Marks, 1987). The HR condition consisted of 60-minute treatment sessions, in accordance 
with its application in clinical practice and case studies (Azrin & Peterson, 1990). 
In the two ER training sessions, patients systematically learned to suppress tics for 
ever longer lasting times. Whenever a tic occurred, the therapist spurred the patient to 
improve his performance. In the following sessions, patients were to apply the response 
prevention procedure for 2 consecutive hours. Contrary to the training sessions, in these 
sessions the occurrence of tics was registered, instead of duration of tic suppression. To 
optimize exposure, patients were asked to concentrate on the sensory experiences and 
the corresponding locations in their bodies. In addition, patients were asked to take tic-
eliciting objects into the sessions and to try to provoke premonitory sensations and urges. 
Meanwhile, they had to resist every urge or desire to perform tics. Therapists acted like 
coaches in helping the patients to accomplish this task. Patients were told they would 
benefit most from the treatment if they practised the exercises at home. 
HR consisted of an awareness training of each tic followed by a competing response 
training to inhibit the tic. In the awareness training, patients learned to detect and 
describe each tic, using self-monitoring and self-registration procedures. In the competing 
response training, patients learned to apply an incompatible response for 1 minute after 
the first signal that a tic was about to occur, thus interrupting the tic. Patients also had to 
perform this response when the tic had occurred. In 10 sessions, as many isolated tics as 
possible were treated. Patients were told they would benefit most from the treatment if 
they practiced the exercises at home. 
Measurements 
The outcome measures were: (1) The Dutch version of the Yale Global Tic Severity Scale 
(YGTSS; Leckman et al., 1989; Van de Wetering & Cath, 1995) (2) tic frequency observed 
at the institute (TF-institute) and (3) tic frequency monitored at home (TF-home). 
The YGTSS is a well-established, semi-structured clinical rating scale with satisfactory 
convergent and discriminant validity and interrater agreement (Leckman et al., 1989; 
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Walkup, Rosenberg, Brown, & Singer, 1992). Information on tic severity is acquired 
for motor and vocal tics separately in five dimensions: number, frequency, intensity, 
complexity and interference. These dimensions are summated and the subscale scores 
are obtained. A rating of impairment is added to provide a final global TS severity rating 
varying from 0 (no tics) to 55 (severe tics). 
TF-institute was obtained using a mechanical counter by observing the first 15 minutes 
of the videotaped YGTSS administrations. Standardized videotape tic counts of at least 5-
minute duration have been found to provide reliable and stable measures of tic frequency 
and are sufficiently correlated with YGTSS ratings (Chapell et al., 1994). 
TF-home was obtained by family members of the patients through direct observation 
of the patient for 15 minutes each day at fixed times (between 7 and 8 o'clock p.m.) and 
during fixed activities. For this purpose, the patient's parent or partner used a mechanical 
counter. 
At pre- and post-treatment assessment assessors completed the YGTSS and asked the 
patients for TF-home registrations. Two trained assessors scored the videotaped YGTSS 
administrations. In addition, two assessors observed the videotaped YGTSS administrations 
and rated tic frequency. The assessors were blind for treatment condition and assessment 
(pre- or post-treatment). With regard to the TF-home registrations, averaged week scores 
corresponding to the weeks of administering the assessments were used for the analyses. 
Additional YGTSS administrations were performed 1 week after finishing the alternative 
treatment and at 3-month follow-up. 
Statistical analysis 
To analyze the interrater agreements, Pearson correlation coefficients were calculated. 
Patient characteristics and pre-treatment TS seventy scores were compared between the 
groups using univariate X2 tests for discrete variables and t-tests for continuous variables. 
To investigate treatment effects, gain scores (pre-treatment scores minus post-treatment 
scores) were calculated on the outcome measures in both conditions. Subsequently, whilst 
taking into account the number of sessions per condition (i.e., 12 for ER and 10 for HR), 
weighted gain scores were obtained. Data were checked with respect to the assumptions of 
normality and homogeneity of variances. A logarithmic transformation for tic frequency 
scores was applied to meet the assumption of normality. These transformations were used 
in all analyses, except for the descriptive statistics. Weighted gain scores were entered in 
a two-way multivariate analysis of variance (MANOVA) for both conditions together to 
test the improvement at post-treatment assessment, with treatment condition as between-
subject factor. In addition to completer analysis, intent-to-treat analysis was performed in 
which data of the noncompleters were also included according to the last measure carried 
forward procedure. In all the analyses, two-tailed ρ < .05 was considered significant. 
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5.3 Results 
High levels of interrater agreement were obtained for the YGTSS (r = .98, ρ < 001) and for 
TF-institute scores (r = .99, ρ < .001). 
No significant differences were found between the ER and HR group on any of the 
patient characteristics or pre-treatment TS severity scores (see Table 5-1). 
Table 5-1. Study sample' patient characteristics and pre-treatmenl assessment scores of TS severity 
measures for the ER and HR conditions, test values and significance 
Variables 
ER 
(η = 21) 
HR 
( " = 2 2 ) Test Statistic 
Sex 
Age (year) 
Age of appearance of 
TS symptoms (year) 
Duration of TS (year) 
Comorbidity 
ADHD 
OCD 
TS medication 
YGTSS 
TF-institute 
TF-home 
η (M/F) 
M CSD; 
M (SD) 
M (SD) 
η 
η 
η 
Μ (SD) 
Μ (SD) 
Μ (SD) 
17/4 
22.0 (13.0) 
7.5 (3.9) 
14.5(11.6) 
6 (29%) 
4 (19%) 
8 (38%) 
26.1 (7.7) 
151.8(139.3)» 
86.9 (85.8) 
17/5 
19.2(11.4) 
6.1 (3.3) 
13.1 (10.1) 
7 (32%) 
2(9%) 
9(41%) 
23.1 (7.1) 
142.8(147.5) 
107.2(120.8) 
.09" 
.76' 
US' 
.41' 
.05" 
.89" 
.04" 
1.31' 
.25' 
-.61' 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
Notes ER = exposure and response prevention; HR = habit reversal, ADHD = attention-deficit hyper­
activity disorder; OCD = obsessive-compulsive disorder; YGTSS = Yale Global Tic Severity Scale, TF-
institute = YGTSS tic frequency ratings, TF-home = home tic frequency ratings, 'n = 20. *χ2 statistic. 
'Student (-test for independent samples ns = nonsignificant 
Two patients from the ER condition (10%) and 4 patients from the HR condition (18%) did not 
complete the study. One patient dropped out after the first ER training session for unknown 
reasons Five other patients dropped out after having received four or more sessions, due to time 
expenses or traveling costs (HR, η = 3), or because the parents felt their children were too young 
for the treatment (HR, η = 1; ER, η = 1). Mean scores between completers and noncompleters on 
any of the patient characteristics or pre-treatment outcome measures were comparable. 
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Mean scores of the outcome measures for the completers in ER and HR condition at pre- and 
post-treatment assessment are presented in Table 5-2. 
Table 5-2. Completer sample: means (pre- and post-treatment scores), effect sizes and percentages 
of patients improved > 30% on ER (η = 19) and HR (η = 18) All scores are unweighted for number 
of treatment sessions 
Measures 
YCTSS 
TF-institute 
TF-home 
ER 
HR 
ER 
HR 
ER 
HR 
Pre 
M (SD) 
26.2 (7.6) 
24.1 (7.2) 
139.7(133.3) 
151.1 (158.4) 
88.4 (90.3) 
116.9(131.6) 
Post 
M (SD) 
17.6(7.6) 
19.7(9.3) 
79.5(114.9) 
102.7'(98.7') 
28.4 (33.7) 
36.9(55.1) 
ES 
1.42 
1.06 
0.90 
0.47 
0.88 
0.73 
PPl > 3 0 % 
5 8 % 
2 8 % 
74% 
5 3 % 
8 9 % 
7 2 % 
Noies ER = exposure and response prevention; HR = habit reversal, YGTSS = Yale Global Tic Sever­
ity Scale, TF-institute = YGTSS tic frequency ratings, TF-home = home tic frequency ratings, Pre = 
pre-treatment assessment, Post = post-treatment assessment, ES = effect size; PPl = percentage of 
patients improved, 'n = 15. 
Multivariate analysis showed that Wilks' lambda (intercept) was significant (F (3, 31) = 
18.21, ρ < .0001), indicating that there was a significant time effect for the three outcome 
measures taken simultaneously. There was no overall main effect for condition (F (3, 30) 
= 1.81, ρ = .17), but there was a trend favoring ER (F (1, 32) = 3.96, ρ = .05) on the YGTSS. 
Post-hoc analyses on the difference scores for the separate outcome measures revealed 
comparable results. 
To gain further insight into the clinical significance of the improvements achieved in the 
two conditions, effect sizes for the ER and HR completer samples (after 12 and 10 sessions 
respectively) were calculated for the three outcome measures following Cohen's d for one 
sample repeated measures (Cohen, 1988). Effect sizes are presented in Table 5-2. On the 
YGTSS, effect sizes were satisfactory for both conditions. On the tic frequency outcome 
measures, effect sizes were moderate for the ER condition, and moderate (TF-home) to 
low (TF-institute) for the HR group. In addition, for each of the outcome measures, the 
percentage of patients demonstrating clinically significant improvements (i.e., larger than 
30%) was calculated (see Table 5-2). The percentage of patients with improvements greater 
than 30% on at least one of the outcome measures was 95% for the ER condition and 83% for 
the HR condition. The percentage of patients showing clinically significant improvements at 
each of the three outcome measures was 42% for ER and 17% for HR. 
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Intent-to-treat analysis including end-point scores for the noncompleters revealed 
comparable post-hoc and main results. There was a significant time effect (F (3, 39) = 
17.65, ρ < .0001), but no main effect for condition (F (3, 39) = 1.68, ρ = .19). A trend 
favoring ER was found on both the YGTSS (F (1, 41) = 3.70, ρ = 06) and on TF-institute 
(F (1,41) = 3.34, ρ =.07). 
In table 5-3 mean scores on the YGTSS outcome measure for all included patients 
are presented at pre-and post-treatment assessment, after completion of the alternative 
treatment and at follow-up. 
Table 5-3. Mean YGTSS scores for all included patients at pre-treatment assessment (Pre), at post-
treatment assessment (Post 1), after completing the alternative condition (Post 2) and at follow-up 
(FU), corresponding number of patients (n) and effect sizes (ES). All scores are unweighted for 
number of treatment sessions 
Condi­
tion 
ER 
HR 
η 
21 
22 
Pre 
M CSD; 
26.1 
(7.7) 
23.1 
(7.1) 
η 
19 
18 
Posti 
M (SD) 
17.6 
(7.6) 
19.7 
(9.3) 
Condi­
tion 
HR 
ER 
η 
12 
13 
Post 2 
M (SD) 
17.4 
(7.4) 
15.5 
(10.0) 
π 
17 
14 
FU 
Μ (SD) 
14.0 
(9.3) 
13.5 
(8.4) 
Pre-Post 1 
ES 
1.41 
0.84 
Post 1-2 
ES 
0.04 
0.95 
Pre-FU 
ES 
1.49 
1.95 
Notes ER = exposure and response prevention, HR = habit reversal; YGTSS = Yale Global Tic Severity 
Scale. 
Effect sizes for the second phase of the study showed relevant improvements for ER 
following HR (0.95), but no improvements for HR following ER (0.04). Effect sizes on the 
YGTSS at follow-up were high compared to pre-treatment assessment (see Table 5-3). 
5.4 Discussion 
The main conclusion from this study is that both ER and HR are effective interventions in 
the treatment of tics in TS These results support our hypothesis and are in line with the 
literature (Azrin & Peterson, 1990; Hoogduin et al., 1997). Patients in both conditions 
showed significant reductions on the YGTSS and tic frequency outcome measures analysed 
simultaneously. These findings were comparable for the intent-to-treat sample. 
To our knowledge, this is the first controlled study to date that has evaluated the 
effectiveness of ER on tics, in comparison to HR, taking into account tic measures in 
both the clinical and the home setting. The tic frequency outcome measures appeared 
to be weakly related (r = .25, ρ = .27), which may reflect environmental influences on tic 
symptom severity (Kurlan & McDermott, 1993). 
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Our expectation that the patients in the ER condition would benefit more from the treatment 
than those with HR was only marginally confirmed. No statistically significant differences 
between the two conditions were found. However, a differential trend was discerned 
favoring ER on the YGTSS (p = .05). In addition, effect sizes on each of the outcome 
measures and percentages of patients showing clinically significant improvements (i.e., 
> 30%) were larger for the ER condition than for HR. On face value, the YGTSS subscale 
scores (not presented in this article) showed an advantage for ER on the dimension 
'number of tics'. These findings may be the result of ER intervening with all tics at once, 
thus providing more opportunity to treat more different tics, whereas HR reduces one tic 
at a time. It can be speculated that the trend in favor of ER would have reached significance 
when study groups would have been larger, resulting in larger statistical power. On the 
other hand, ER comprised longer lasting treatment sessions than HR, which also could 
explain the tendency of ER to be more effective than HR. At this point, it is not possible 
to draw conclusions regarding this aspect. 
At 3-month follow-up, the improvements over time on the YGTSS outcome measure 
were maintained, although it should be noted that 28% of the study sample did not 
complete follow-up (ER: η = 4; HR: η = 8). No firm conclusions can be drawn about the 
longer-term effects of ER or HR separately, since 68% of the completer sample (ER: η = 12; 
HR: η = 13) had received additional treatment according to a crossover design. 
According to learning theory, the effectiveness of both ER and HR seems to be the result 
of interruption of stimulus-response sequences. In HR, tic reduction is obtained through 
application of a competing response after the first signal that a tic is about to occur or actually 
occurs (Azrin & Peterson, 1990). Evers and Van de Wetering (1990) have argued that the 
response to a premonitory sensation does not necessarily need to be incompatible with the 
tic, provided that premonitory tension is being reduced in a way similar to that of the tics. 
Hoogduin et al (1997) have hypothesized that prolonged exposure to premonitory stimuli 
through tic suppression (i.e., ER) results in habituation of the sensations and urges and 
subsequently tic reduction. Habituation of premonitory sensations was examined for the ER 
study sample using subjective sensation seventy ratings (Verdellen et al., in press-b; desenbed 
in chapter 6). Furthermore, perhaps increased ability to suppress tics or enhanced self-control 
were responsible for the observed tic reductions. The interventions may have resulted in 
heightened awareness of the sensory experiences preceding tics, thus enhancing the ability to 
suppress various tics that previously had escaped awareness (Kurlan et al., 1989). 
At this point, some drawbacks concerning this study need to be addressed. First, there 
was no waitinghst/no-treatment condition to control for TS natural influences (Turpin, 
1983). However, the mean duration of TS symptoms was 14 years in the sample under 
study, which makes the possibility of spontaneous recovery less likely. 
Secondly, there was a difference between the treatment conditions, with ER including 
two training sessions, whereas HR did not contain a training period. Training sessions 
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were considered necessary for the ER condition to teach patients to suppress tics for 
a sustained period of time. Sustained tic suppression was considered a prerequisite to 
attain habituation and subsequently for ER therapy to be effective. In the analyses, this 
difference between conditions was accounted for by calculating weighted gain scores 
on the outcome measures. Furthermore, ER sessions lasted 120 minutes each to reach 
habituation, whereas HR sessions were of 60-minute duration. Future research should 
address the necessity of 2-hour lasting sessions to attain ER effect. 
The third issue concerns the application of videotaped recordings to measure tic 
symptom severity. The use of videotape ratings is described as cumbersome and labor-
intensive, requiring suitable technical equipment (Kurlan 61 McDermott, 1993; Leckman, 
Towbin, On, & Cohen, 1988). In our study, 4% of the video material could not be used 
because of technical problems, which resulted in missing data. In addition, tics may be 
more difficult to discern on videotape than by direct observations. However, agreement 
between the assessors was found to be very satisfactory and comparable to agreement 
levels found in other studies (Chapell et al., 1994; Goetz, Tanner, Wilson, & Shannon, 
1987). 
The results of this study support the application of behavior therapy as an alternative 
to pharmacotherapy with antidopaminergic agents. Several controlled studies regarding 
the use of medication have revealed tic reductions ranging from 34% to 91% (for a review, 
see Carpenter, Leckman, Scahill, &r McDougle, 1999). In a recently performed 12-week 
controlled trial comparing pimozide with risperidone, significant improvements of tics 
were found on the Tourette's Symptom Severity Scale (Bruggeman et al., 2001). Eighteen 
percent of the patients dropped out, mainly because of unbearable side effects. The 
dropout rate found in our study was 14%, with fewer dropouts in the ER group (n = 2) 
than in HR (n = 4). 
In conclusion, in the present study, both ER and HR were shown to be effective 
in reducing tic symptoms. The results advocate the application of ER as an extension 
to HR. The challenge for the future is to compare these behavioral interventions with 
pharmacotherapy and the combination of both treatments, including longer-term follow-
up data. Furthermore, future research should attempt to gain more insight into the active 
ingredients of the interventions and the underlying mechanisms of change, taking into 
account principles of learning theory and habituation paradigms. 
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A slightly altered version of this chapter has been accepted for publication as an 
article in Behavior Modification: 
Verdellen, C WJ , Hoogduin, C A L , Kato, Β S , Keijsers, G PJ , Cath, D C , & Hoijtink, 
H Β Habituation of premonitory sensations during exposure and response prevention 
treatment in Tourette's syndrome 
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6.1 Introduction 
In a recently performed study, exposure and response prevention (ER) was found to 
be effective in the treatment of tics in Tourette's syndrome (TS) (Verdellen, Keijsers, 
Cath, 61 Hoogduin, 2004). No significant differences were found between ER and habit 
reversal (HR), a behavioral method, which is currently the most widely used strategy 
for the treatment of tics (for a review of studies into HR, see Carr & Chong, 2005). The 
application of ER in the treatment of TS is based on findings that tics are intentionally 
executed responses performed to relieve unpleasant sensory sensations. The relief that 
results from performing tics is temporary, and tics are repeated whenever the sensations 
return (e.g.. Bliss, 1980; Lang, 1991). Premonitory sensations are experienced by TS 
patients as feelings of pressure, tickle, squeeze, ache, itch, or other abnormal sensations 
in skin, bones, joints or muscles. The sensations are often located in a small discrete area, 
especially the shoulder girdle, throat, hands, midline of the stomach, thighs and feet. 
Sometimes, the urges are felt more mentally as a generalized sense of mounting inner 
tension (Kurlan, Lichter, & Hewitt, 1989; Leckman, King, 61 Cohen, 1999). Research 
has indicated that over 90% of TS patients are familiar with either physical or mental 
premonitory sensations and urges (Leckman, Walker, & Cohen, 1993). Children under 
the age of 10 years are usually unaware of these sensations. The awareness of premonitory 
sensations shows up on average 3 years after the onset of tics. However, even 7-year-
old children have spontaneously offered descriptions of these sensations (Leckman et 
al., 1999). Although the pathofysiology of premonitory sensations currently remains 
unknown, it is argued (e.g., Kane, 1994; Leckman et al., 1999) that TS is a sensori-motor 
disorder characterized by a heightened sensitivity or hyperawareness to somatosensory 
stimuli. Leckman et al. (1999) consider sensory sensations as signals arising from the 
inner body, also experienced by normal persons, but normally screened out of conscious 
awareness. 
In ER treatment, the association between a premonitory sensation and a following tic is 
interrupted, thus preventing the tic. In the first application of ER, one 15-minute exercise 
was described that resulted in decrements of a premonitory itch and increased self-control 
(Bullen & Hemsley, 1983). Verdellen, Hoogduin, and Plandsoen (1994) and Hoogduin, 
Verdellen, and Cath (1997) applied prolonged ER in a design comparable to descriptions 
of ER treatment of obsessive-compulsive disorder (OCD). In the application of ER in OCD, 
patients are prevented from performing compulsive behavior, after being exposed to the 
feared stimuli. As a result, anxiety levels reduce, a process called habituation. Exposure 
has sufficiently proved its effectiveness in the treatment of OCD (e.g., Abramowitz, 
1996; Riggs & Foa, 1993) and other anxiety disorders, i.e., panic disorder, simple 
phobias and post-traumatic stress disorder (e.g., Barlow, 1988; Chambless, 1990; Foa, 
Rothbaum, Riggs, & Murdock, 1991). There is evidence that habituation is, at least part 
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of, the working mechanism of change in these disorders. Reductions in both subjective 
anxiety and heart rate that occur during prolonged exposure to feared stimuli have been 
found (Foa & Chambless, 1978; Marks, 1987; Nunes & Marks, 1975; Stern & Marks, 
1973; Watson, Gaind, & Marks, 1972). In learning theory terminology, when a patient is 
exposed repeatedly and for a prolonged period of time to a stimulus without carrying out 
the associated response, habituation of the stimulus occurs. Thus, the association between 
the stimulus and the response weakens, resulting in a reduction of the response. Tics in TS 
bear similarities with compulsions seen in OCD with regard to their intentional character 
(Cath et al., 2001, Lang, 1991; Turpin, 1983). Hoogduin et al. (1997) hypothesized that 
if TS patients habituate to the unpleasant sensory sensations by preventing them from 
performing tics, the urge to neutralize the sensations (i.e., the urge to perform tics) and 
subsequently the tics will diminish, as do the compulsions in OCD. In a pilot study, 4 
patients were exposed to all premonitory sensations during 10 2-hour sessions, in the 
mean time being encouraged to suppress every tic or impulse. Using this method, within-
session habituation was found in 3 out of 4 patients. Tic reductions post-treatment varied 
from 68% to 83% (Hoogduin et al., 1997; Verdellen et al., 1994). 
The present study tested the hypothesis that habituation of premonitory sensations 
occurs during ER treatment of TS. With respect to the ability of TS patients to habituate to 
sensory stimulation, most studies have shown that TS patients do not have disturbances 
in the habituation process (e.g., Sachdev, Chee, & Aniss, 1997; Stell, Thickbroom, & 
Mastaglia, 1995; Turpin & Powell, 1984), although two studies reported indications for a 
failure of the response to habituate (Gironeil et al , 2000; Smith & Lees, 1989). 
To test the hypothesis that habituation of premonitory sensations occurs during 
ER, changes in perceived severity of sensory sensations were studied in the ER group 
participating in the Verdellen et al. (2004) study The first hypothesis tested was that 
reductions of the rated severity of premonitory sensations take place during the treatment 
sessions (within-session habituation). Similar to habituation curves found in the treatment 
of OCD with ER (Marks, 1987; Rachman & Hodgson, 1980), curves in TS patients were 
expected to be quadratic, i.e., a decrease of sensory severity ratings follows an initial 
increase. In OCD, the initial increase in anxiety levels can be explained as the result of 
exposure (i.e., confrontation) to a hitherto avoided anxiety inducing stimulus. In analogy, 
in TS exposure to the unpleasant sensations is expected to initially increase the severity 
of the sensations, which are ordinarily reduced through the performance of tics. This 
hypothesis is supported by descriptions that sensory sensations and urges intensify with 
tic suppression, until they are relieved by tic performance (Fahn, 1993; Kane, 1994; 
Kurlan et al., 1989). The second hypothesis was that across sessions, the perceived 
severity of premonitory sensations also decreases (between-session habituation). The 
third hypothesis, related to the former hypotheses and to the finding of Hoogduin et 
al (1997) that complete response prevention is difficult to achieve, was that patients 
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who exhibit more tics during sessions show less reduction of the perceived severity of 
premonitory sensations than patients exhibiting fewer tics during sessions. In learning 
theoretical terms: when ER is interrupted through tic performance, the stimulus-response 
association fails to weaken. As a result, habituation of the stimulus will not occur. 
6.2 Method 
Patients 
Patients participated in the ER condition of a controlled between subjects design study 
investigating the differential effect between ER and HR in the treatment of tics in TS 
(Verdellen et al., 2004). Patients were referred by the National TS foundation and by 
psychiatrists and neurologists from various outpatient services. A DSM-1V (APA, 1994) 
diagnosis of TS was used as inclusion criterion. In addition, patients had to experience 
sensory experiences associated with the tics. A set of questions was asked to gather 
information on the existence, anatomical location, and character of premonitory 
sensations Informed consent to the study was given by the patients and, in children, 
also by the parents. Exclusion criteria were a present diagnosis of major depression or 
psychotic disorder as well as autism, mental retardation or a neurological disorder other 
than TS. Patients who used medication aimed at tic reduction were not excluded, provided 
that they adhered to a fixed daily dose throughout the study. Two experienced clinicians 
(first and second author) independently screened the patients on inclusion and exclusion 
criteria One 8-year-old patient who participated in the comparative outcome study was 
excluded from this study because he did not report nor recognize premonitory sensations 
or urges. Another patient dropped out for unknown reasons before the first ER session, 
and was therefore excluded. All remaining 19 patients, adults as well as children, met the 
inclusion criteria. One 8-year-old patient dropped out after six treatment sessions, because 
the parents felt their son was too young for the treatment. All other patients completed 
10 treatment sessions. Patients reported premonitory sensations or urges associated with 
at least four of the tics present at the time they entered the study. Mostly, these sensations 
were experienced as physical in nature but some patients reported mental urges as well. 
In table 6-1, premonitory sensations of the study sample are presented in line with the 
categorization by Kurlan et al. (1989). 
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Table 6-1. Premonitory sensations of the study sample (n = 19) 
Nature of the sensations Number of patients 
I Local sensations 10 
itch, tension, tickle, warmth, burning, 
ache, tightness, shiver, pressure, 
something touching, twitching, 
strange, unpleasant feeling (cannot describe) 
II Generalized sensations 2 
Physical sensations (1) 
global feeling of tension/restlessness, 
over whole body (cannot describe) 
Mental sensations (1) 
urge, compelling thought 
III Both local and generalized sensations 7 
Local sensations 
itch, tension, warmth, tickle, twitching, 
strange, unpleasant feeling (cannot describe) 
Generalized sensations (physical and mental) 
tension, tingling, shivering, feeling over whole body (cannot describe), urge, 
compelling thought 
Noies. For each patient, four sensations corresponding to four tics (most frequent or interfering) 
were selected. These sensations are grouped according to the categorization of Kurlan, Lichter, and 
Hewitt (1989, ρ 733) 
Of the participating patients, 15 were male and 4 were female. The mean age of the 
sample was 23 0 years (SD = 13.3, range 7-55). Five patients (26%) were aged 10 years 
or younger. Mean age at tic onset of the sample was 7.7 years (SD = 3.8; range 3-18), and 
mean duration of TS symptoms was 15.3 years (SD = 11.7; range 1-45). Seven patients 
(37%) were taking medication to reduce tics These included antipsychotics (n = 4) and 
Clonidine (η = 3). Of the 19 patients, 3 (16%) had an additional DSM-IV diagnosis of OCD 
and 5 (26%) of attention-deficit hyperactivity disorder (ADHD). 
The Yale Global Tic Severity Scale (YGTSS; Leckman et al., 1989) was used to measure 
TS tic symptom seventy. The YGTSS acquires information on tic severity for motor and 
vocal tics separately in five dimensions: number, frequency, intensity, complexity and 
interference A rating of impairment is added to provide a total TS severity score that 
ranges from 0 (no tics) to 55 (severe tics). For this study sample, the mean YGTSS score 
was 26.1 (SD = 7.7) at pre-treatment assessment. In addition, tic frequency was registered 
for the first 15 minutes of videotaped YGTSS administrations. Standardized videotape 
tic counts of at least 5-minute duration have been found to provide reliable and stable 
measures of tic frequency and are sufficiently correlated with YGTSS ratings (Chapell et 
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al., 1994). Following the method recommended by Shapiro, Shapiro, Young, and Feinberg 
(1988), before rating each videotape, assessors viewed a segment of the videotape to 
establish consensus concerning the tic symptoms. A mean baseline total tic score of 159.2 
(SD = 145.0) was registered. A high level of interrater agreement was obtained (r = .99, ρ 
< .001). 
In the outcome study comparing ER with HR, significant tic symptom reductions (p 
< .0001) were found for the ER outcome sample (n = 21) post-treatment. Effect sizes 
(ES) were satisfactory for both the YGTSS (ES = 1.4) and for the tic frequency outcome 
measure (ES = 0.9) (Verdellen et al., 2004). 
Treatment 
First, patients received two 2-hour training sessions, in which they systematically learned 
to suppress tics for gradually longer periods. The patients were asked to resist the urge to 
tic for as long as possible. The therapists timed the suppression period on a stopwatch, 
until the moment when a motor or vocal response was produced. Whenever a tic 
occurred, the therapist spurred the patient to improve his performance. In these training 
sessions, emphasis was placed on response prevention, without the patients being urged 
to concentrate on the premonitory sensations. 
Subsequently, patients received 10 weekly 2-hour ER treatment sessions. During these 
sessions, patients had to suppress every tic or impulse for 2 consecutive hours (response 
prevention) and to concentrate on the premonitory sensations (exposure). Each session was 
conducted according to a treatment protocol for ER (Hoogduin et al., 1997; Verdellen et al., 
1994). Patients were asked to focus their attention on the sensations and the corresponding 
locations in their bodies. Therapists encouraged the patients to feel these sensations to the 
full and to keep their attention focused. In the mean time patients had to refrain themselves 
from tic behavior. Once the sensation or urge to perform tics had subsided, this procedure 
was repeated for other emerging sensations. In addition, to optimize exposure, patients 
were asked to take tic-eliciting objects (e.g., computer games) into the sessions and to try 
to provoke sensations and urges. When a sensation or urge emerged, patients were asked 
to concentrate on this and resist the desire to perform tics. Therapists acted like coaches 
in helping the patients to accomplish this task. Parents rewarded their children after the 
sessions for practising well, e.g., by buying ice cream or visiting the playground. The 
habituation hypothesis was tested during these weekly sessions. 
Measurement 
To measure any changes in the perceived severity of the premonitory sensations, prior 
to treatment, in each patient four individual sensations were selected corresponding to 
the four most frequent or interfering tics at that time (see Table 6-1). Global tension was 
added as a fifth item for each patient. 
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Prior to each session and al 15-minute intervals, therapists asked the patients to rate the 
severity of these five items on a Subjective Units of Distress scale ranging from 0 (absent) 
to 4 (very severe). Thus, a total sensation severity score (SUD-score) was obtained (0 to 
20). In each session nine SUD-scores were obtained. 
In addition, therapists registered the occurrence of each tic (i.e., not only the four tics 
selected for the measurement) that had not been suppressed. The tic frequency score during 
each session was scaled 1 to 5, with 1 = no tics exhibited during the session, 2 = 1 to 8 tics 
exhibited, 3 = 9 to 16 tics exhibited, 4 = 17 to 24 tics exhibited and 5 = a 25 tics exhibited 
during the session. To obtain interrater agreement, a trained assessor observed 30% of the 
videotaped sessions and rated tic frequency. For each patient, three randomly selected 
videotapes were observed. 
Statistical analysis 
First, to analyze the interrater agreement on the tic frequency score between the therapists 
and the assessor, a Pearson correlation coefficient was calculated. A high level of agreement 
was obtained (r= .96, ρ < .001). Multilevel models using multiple time trends were used for 
the statistical analyses (Hox, 2002; Kato et al., 2005; Snijders & Bosker, 1999). To test the 
hypotheses, three multilevel models were used and evaluated using a quadratic regression 
function to describe the relationship between time (i.e., 15-minute intervals) and SUD-
score for each combination of patient and session number. The point of departure was a 
baseline model that focuses on the relationship between SUD-score and time. 
Subsequently, using an average sensation seventy model, it was investigated whether 
the average of the nine SUD-scores within a session (subsequently called AverSUD-score) 
depended on session number, tic frequency and the interaction between session number 
and tic frequency. Finally, a linear time trend model was used to investigate the relationship 
between within-session habituation, session number and tic frequency (Kato et al., 2005). 
All computations were executed using the program MlWin (Rasbach et al., 2000). In all 
analyses, two-tailed ρ < .05 was considered significant. 
6.3 Results 
The baseline model describes what happens within a session, averaged over patients and 
sessions. It was found that SUD-scores reduced significantly (p < .001) during sessions: on 
the average from 6.1 at the first 15-minute interval to 4.7 at the ninth 15-minute interval 
(see Figure 6-1). Hence, the first hypothesis that during sessions reductions of the rated 
severity of sensory sensations are found over time (within-habituation) was confirmed. 
In addition, it was found that the development of SUD-scores within a session followed a 
linear reduction and not a quadratic trend (p = .78). 
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Figure 6-1. Graphic representation of the within-session habituation. Reduction of the total sensation 
severity scores (SUD-scores) within sessions, averaged over patients (n = 19) and sessions (n = 10). 
The second hypothesis was that across sessions, the perceived severity of sensations decreases. 
The average sensation severity model descnbes the development of AverSUD-scores across 
sessions. It was found that AverSUD-scores reduced significantly across sessions (p < .001). 
In figure 6-2, the reduction of AverSUD-scores is presented separately for patients exhibiting 
no tics (tics = 1 ) , and for patients exhibiting 25 or more tics (tics = 5). As can be seen, for tics 
= 1, AverSUD-scores reduced on the average from 7.5 to 2.8 (a decrease of 4.7), and for tics 
= 5, AverSUD-scores reduced on the average from 6.7 to 3.9 (a decrease of 2.8). 
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Figure 6-2. Graphic representation of the between-session habituation and its interaction with tics 
Average reduction of the 'average of the nine SUD-scores within a session' (AverSUD-scores) across 
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sessions, for patients with a lie frequency score equal to 1 (tics =1) and for patients with a tic fre-
quency score equal to 5 (tics = 5) respectively 
Notes (tics = 1) = AverSUD-scores across sessions for patients exhibiting no tics during sessions; (tics 
= 5) = AverSUD-scores across sessions for patients exhibiting a 25 tics during sessions 
The third hypothesis to be tested was that patients who exhibit more tics during sessions 
show less reduction of the perceived severity of premonitory sensations, than patients who 
exhibit fewer tics. To control for baseline tic seventy, a Spearman's rho correlation between 
the pre-treatment assessment tic frequency score (on 15-minute videotaped YGTSS 
administrations) and the tic frequency score registered during sessions was calculated. A 
low and non-significant correlation was obtained (rs = .17), signifying that tic frequency 
at sessions was relatively independent from baseline tic severity. 
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Figure 6-3. Graphic representation of the within-session habituation and its interaction with tics. 
The smaller the tic frequency score, the larger the within-session habituation (patients with a tic 
frequency score equal to 1, i e , no tics exhibited during sessions, show a reduction of SUD-scores 
of 2 4) The larger the tic frequency score, the smaller the within-session habituation (patients with 
a tic frequency score equal to 5, i.e., a 25 tics exhibited during sessions, show a reduction of SUD-
scores of 0 4). 
Applying the average sensation severity model, the reduction of AverSUD-scores (i.e., 
between-session habituation) was related to the frequency of tics exhibited during the 
session (p = .022). This is illustrated in figure 6-2. The linear time trend model describes 
whether within-session habituation is a function of the frequency of tics exhibited during 
sessions and session number. It was found that the larger the tic frequency, the smaller 
the reduction of SUD-scores (p < .001). In figure 6-3, it can be seen that within-session 
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habituation of patients with a tic frequency score equal to 1 (no tics exhibited during the 
session), corresponds with a reduction in SUD-scores of about 2.4. For patients with a tic 
frequency score equal to 5 (25 or more tics exhibited during the session), the reduction is 
about 0.4. These numbers can be related to figure 6-1, showing an average tic reduction 
of 1.4. In addition, it was found that the reduction of the perceived severity of sensations 
is independent of session number (p = .48). This indicates that the same changing levels 
of SUD-scores were found for the first sessions as for the latter ones. 
6.4 Discussion 
This study has provided statistical support for the occurrence of habituation of premonitory 
sensations in the treatment of tics in TS with ER. Significant reductions of sensation 
seventy ratings (SUD-scores) were found both within and between the 10 ER sessions. 
These results are consistent with findings of a previous study on the effectiveness of ER 
in TS (Hoogduin et al., 1997), and with the view of Turpin (1983) that habituation of the 
stimulus to tic may be the process through which response prevention works. 
Although in ER treatment patients are instructed to suppress every tic for 2 consecutive 
hours, there were patients who still exhibited some tic behavior during the sessions. 
The decrease of sensations over time was found to be related to the frequency of tics 
exhibited by a patient during a session, independent of baseline tic severity. Patients 
exhibiting more tics showed less reduction of (Aver)SUD-scores, both within and between 
sessions, as compared to patients exhibiting fewer tics. This finding is consistent with the 
habituation model, i.e., performing tics during ER interrupts exposure and reduces the 
level of habituation. In the ER treatment of OCD, comparable results were found after 
interrupting a washing ritual (Rachman & Hodgson, 1980), and after interrupting in vitro 
exposure to anxiety evoking scenes (Foa & Chambless, 1978; Mathews &r Shaw, 1973): 
habituation of anxiety was less than following prolonged exposure. 
Another finding was that within sessions, a linear reduction of SUD-scores was found 
and not a quadratic curve. This finding deviates from reports of TS patients that sensory 
sensations and urges initially intensify with tic suppression (e.g., Fahn, 1993; Kurlan et al., 
1989) and from the quadratic habituation curves found in the treatment of OCD with ER 
(Marks, 1987; Rachman & Hodgson, 1980). There are several possible interpretations for 
finding the linear trend in this study. The first interpretation is that the 15-minute interval 
was too long to detect initial increase. Possibly, sensations may have first increased and 
then decreased within the first 15-minute period. Support for this hypothesis comes from 
Bullen and Hemsley (1983), who found that within a 15-minute period of tic suppression 
the premonitory sensation associated with the tic had disappeared. Another possible 
interpretation for not finding an increase of SUD-scores at the beginning of the sessions 
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might be the result of the use of sum scores from five sensation severity scores, including 
general tension, to assess sensory sensation severity. Perhaps some of the sensations did 
increase, while others decreased, thus making it less likely to pick up a quadratic trend 
Data inspection showed some support for this interpretation. Finally, there are examples 
of a linear trend of habitation from other areas of research. Data on habituation in anxiety 
disorders have shown linear reductions of subjective anxiety and heart rate (e.g., Foa & 
Chambless, 1978, Grayson, Foa, & Steketee, 1982). Foa and Chambless (1978) suggested 
that the difference between a quadratic curve and a linear curve can be explained by the 
time needed to depart from the reality of being in the therapist's office to submerge into the 
anxiety provoking scene. Patients with less severe obsessions showed an initial low level 
of anxiety (i.e., a quadratic curve) in contrast to patients with severe and vivid obsessions, 
who showed high initial anxiety levels (i.e., a linear curve). Perhaps TS patients are less 
able to initially avoid the full experience of sensory sensations and urges, like severe OCD 
patients seem unable to initially avoid anxiety, thus skipping the first segment of the 
quadratic pattern. Further research is needed to gain more insight into the TS habituation 
pattern and contributing factors. 
Habituation levels were independent of session number. Across sessions, the same 
sizes of change in SUD-scores were found for the first sessions as for the latter ones. 
Although overall, the severity of sensations decreased, at the beginning of each session 
higher SUD-scores were measured than at the end. This brings up the question as to 
whether the addition of more treatment sessions would have helped in arrnving at full 
habituation of the premonitory stimulus. Future research should address this issue. 
This study sample included both children and adults, provided that they were familiar 
with premonitory sensations. For this reason, one 8-year-old boy was excluded from 
the study and five children (26%) entered the study aged 10 years or younger. This is a 
relatively high number since it is reported that premonitory sensations generally appear 
with maturity (Banaschewski, Woerner, & Rothenberger, 2003; Leckman el al., 1999). In 
this study, children often used their imagination to describe and combat the sensations and 
urges. For instance, a 7-year-old boy described the sensations as annoying little colored 
men running through his body, and needed to be beaten off with whips. This seems to 
suggest that children's' experiences of premonitory sensations such as these might have 
been overlooked. 
Several issues need to be addressed. First, this study only included a subjective measure-
ment of the seventy of sensations and urges. Possibly, the inclusion of a measure of physical 
arousal (e.g., skin conductance levels) would have added to a better understanding of the 
habituation process 
Secondly, the habituation theory in itself needs some remarks. Habituation is tradi-
tionally used to explain the effects of exposure based therapies (Foa &r Kozak, 1986; 
Marks, 1987) Modern learning theory on the other hand focuses on the role of extinction 
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in explaining the perceived therapeutic changes. In addition, a modem learning approach 
integrates cognitive factors in the learning process (Bouton, Mineka, <Sr Barlow, 2001, 
Hermans, Vansleenwegen, Baeyens, & Helen, 2002; Korrelboom & Ten Broeke, 2004). 
Whereas habituation is a phenomenon that is observed during repeated confrontation 
to an unconditioned stimulus (UCS), extinction is the increased difficulty of activating 
(classical or operational) once learned associations. Currently, the extent as to whether 
learning processes can affect the biological originated TS sensation (UCS) remains unclear. 
However, it may be hypothesized that the sensory sensation (UCS) provokes an irresistible 
urge (unconditioned response, UCR) that has negative significance for the TS patient. 
Different sensations and stimuli (e g , physical or cognitive) that are associated with the 
UCS can become to function as conditioned stimuli (CSs), which in turn become predictors 
of the negative evaluated urge (UCS/UCR-representation) Through a process of operant 
conditioning the patient then learns that performing tics helps to reduce or prevent the 
expected UCS/UCR. With repeated confrontation to the CS, without performing the tic, 
the patient may experience that the dreaded, unbearable urge he expects does not make 
its appearance. Hence, the CS loses its predictive value, and the perceived seventy of the 
premonitory sensation extinguishes as does the urge to perform the tic. 
Further research is needed to gain more insight into the nature of the underlying 
mechanisms of ER in TS. In addition, research has to focus on the role of response 
prevention in itself, because in TS, not every tic is preceded by premonitory sensations 
(Leckman et al., 1993). One patient who participated in the ER condition of the outcome 
study comparing ER with HR (Verdellen et al., 2004) was excluded from this habituation 
study because he did not report premonitory sensations. Nonetheless, significant tic 
symptom reductions were found for this patient at post-treatment assessment. In the 
present study, only tics with corresponding premonitory sensations (four per patient) 
were selected to test the habituation hypothesis. However, during the treatment some 
patients, both children and adults, reported feeling sensations associated with tics, 
which formerly were not experienced or recognized as such This seems to indicate that 
prolonged tic suppression increases stimulus awareness, thus providing a possibility to 
habituate (Kurlan et al. 1989). 
In conclusion, the present study has found support for habituation of premonitory 
sensations during ER treatment of tics in TS. Significant reductions of sensory severity 
ratings were found both within and between sessions. The decrease of the severity ratings 
depended on the frequency of tics exhibited during sessions. Patients exhibiting fewer tics 
habituated better than patients exhibiting more tics. Further research into the mechanisms 
of change in the treatment of TS with ER is recommended. Studies should use both 
physical and subjective measurements of the sensations associated with the tics, and take 
into account principles of learning theory and habituation and extinction paradigms. 
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A slightly altered version of this chapter has been accepted for publication as an 
article in Movement Disorders: 
Verdellen, C.W.J., Hoogduin, C.A.L., & Keijsers, G.RJ. Tic suppression in the treatment of 
Tourette's syndrome with exposure therapy: The rebound phenomenon reconsidered. 
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7.1 Introduction 
Tourelte's syndrome (TS) is a neuropsychiatrie disorder characterized by multiple motor 
and vocal tics. Characteristic features of tics, atypical for other hyperkinetic movement 
disorders, are their intentionality and their suppressibility (Bliss, 1980; Fahn, 1993; Kwak, 
Vuong, & Jankovic, 2003; Lang, 1991). Tic disorder patients often perceive their tics as 
intentionally produced, aimed at relieving unpleasant premonitory sensations. In addition, 
TS patients have the ability to voluntarily suppress tics for varying time periods, ranging 
from minutes up to hours (Fahn, 1993; Jankovic, 1997). There are indications that the 
intentional character of tics facilitates tic suppression. The experience of premonitory 
sensations has been found to be related to the ability to suppress tics (Banaschewski, 
Woerner, & Rothenberger, 2003; Kurlan, Lichter, & Hewitt, 1989; Leckman, Walker, & 
Cohen, 1993; Peterson et al., 1998). The association of premonitory sensations and the 
following tics provides opportunities for behavioral interventions aimed at enhancing 
self-control of the tics and habituation of the premonitory sensations. 
Two behavioral strategies for tic suppression have been reported: habit reversal (HR), 
which to date is the most widely used strategy, and exposure with response prevention 
(ER), which recently has been shown to be effective in reducing tic symptoms (Azrin 
<Sr Peterson, 1990; Verdellen, Keijsers, Cath, & Hoogduin, 2004). In HR, for each tic an 
incompatible response is applied to inhibit the tic (Azrin &r Nunn, 1973). In ER, tics are 
suppressed for a prolonged period of time, thus providing the possibility to habituate to 
the premonitory sensations (Hoogduin, Verdellen, & Cath, 1997). In a recently performed 
controlled outcome study on 43 TS patients, significant tic symptom reductions were found 
for both behavioral treatments. There were no significant differences in effect between HR 
and ER (Verdellen et al., 2004). Furthermore, support was found for the hypothesis that 
habituation of premonitory sensations occurs during ER treatment (Verdellen et al., in 
press-b). 
It is commonly believed that voluntary tic suppression results in a build-up of inner 
tension and discomfort, which is relieved only by an increased outburst of tics following 
suppression (e.g., Bliss, 1980; Fahn, 1993; Jankovic, 1997; Kane, 1994; Leckman, 2003). 
Bliss (1980) first pointed at the intentionality of tics and asserted that after a prolonged 
period of control, a patient will often feel the need to compose himself by a debauch of 
tics. This rebound effect is reported to occur very shortly after a period of voluntary tic 
suppression and also tends to occur in the presence of immediate family or close friends 
accustomed to observing the tics (Meidinger et al., 2005). To date, there are only three 
studies that investigated the occurrence of a rebound effect. Himle and Woods (2005) 
examined rebound in 7 children with tic disorders during 5-minute baseline, 5-minute 
tic suppression, and 5-minute post-suppression conditions. Although tic frequency 
during post-suppression was higher than during suppression, it was lower than baseline 
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levels, arguing against a rebound effect. Himle and Woods suggested that perhaps longer 
suppression durations would have resulted in a rebound in tic frequency. Meidinger et 
al. (2005) performed a study on tic suppression and the rebound phenomenon in 6 TS 
patients and also failed to show a rebound effect following suppression, although a 30-
minute tic suppression task was applied. In an uncontrolled pilot study on ER in 4 TS 
patients, Hoogduin et al. (1997) again found no indications for a rebound, i.e., no increase 
in tic frequency was observed m the examination room following the 2-hour ER sessions. 
In addition, patients did not report a rebound after they left the institute, nor did their 
parents or partners who rated tic frequency at home. 
The present study investigated if prolonged (i.e., 2-hour) tic suppression in ER therapy 
in TS is followed by an increase of tics above baseline level. Answering this question is 
relevant, since it might be that TS patients needlessly refrain from trying to attempt to 
suppress tics or are advised to do so. Since previous studies failed to show rebound effects 
in tic disorders, a rebound of tics was not expected to occur in the current study either. 
7.2 Method 
Patients 
Patients participated in a randomized controlled study investigating the differential effect 
of HR versus ER in the treatment of tics in TS (Verdellen et al., 2004). They were referred by 
the National TS Foundation and by psychiatrists and neurologists from various outpatient 
services. A DSM-IV (APA, 1994) diagnosis of TS was used as inclusion criterion. Patients 
with major depression, psychotic disorder, autism, mental retardation or a neurological 
disorder other that TS were excluded from the study. The use of medication aimed at tic 
reduction was not considered an exclusion criterion, provided it was adhered to a fixed 
daily dose throughout the study. Two experienced clinicians (first and second author) 
independently screened the patients on inclusion and exclusion criteria. Twenty-one 
patients who met the inclusion criteria were randomly assigned to the ER condition. One 
15-year-old patient abandoned the study before the first ER session for unknown reasons. 
Of the remaining 20 patients, one 8-year-old patient dropped out after six ER sessions 
because the parents felt their son was too young for the treatment. All other patients 
completed the study. Each patient, as well as their parents when children were involved, 
consented to participation in the study and granted permission to have all assessments 
and sessions videotaped. 
Of the participating patients, 16 were male and 4 were female. The mean age was 22.4 
years (SD = 13.2, range 7-55) Mean age at tic onset was 7.8 years (SD = 3.8; range 3-18) 
and mean duration of TS symptoms was 14.6 years (SD = 11.8; range 1-45) The mean tic 
severity score of the sample as measured by the Yale Global Tic Severity Scale (Leckman 
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et al., 1989) was 23.0 (SD = 8.7), indicating moderate severity. Seven patients (35%) were 
taking medication to reduce tics. These included antipsychotics (n = 4) and Clonidine 
(η = 3). Of the 20 patients, 3 (15%) had an additional DSM-1V diagnosis of obsessive-
compulsive disorder and 5 (25%) of attention-deficit hyperactivity disorder. 
Instruments 
The Yale Global Tic Seventy Scale (YGTSS; Leckman et al., 1989) is a widely used clinical 
rating scale that provides information on tic seventy for motor and vocal tics separately in five 
dimensions: number, frequency, intensity, complexity and interference. A rating of impairment 
is added to provide a total TS severity score that ranges from 0 (no tics) to 55 (severe tics). 
The YGTSS has demonstrated satisfactory convergent and discriminant validity and interrater 
agreement (Leckman et al., 1989; Walkup, Rosenberg, Brown, & Singer, 1992). 
Tic frequency ratings were used to assess rebound. At the institute, tic frequency was 
obtained using a mechanical counter by observing 15-minute videotaped recordings. 
Standardized videotaped tic counts of at least 5-minute samples have previously been 
found to provide reliable and stable measures of tic frequency and are sufficiently correlated 
with YGTSS ratings (Chapell et al., 1994) In addition, patients' family members were 
instructed to monitor tic frequency at home during 15 minutes on a daily basis. These 
ratings were conducted at fixed times (between 7 and 8 o'clock p.m ) and during fixed 
activities (e.g., while watching television, working on the computer or having a meal). For 
this purpose, each family member received a mechanical counter and a record to note the 
tic frequency ratings. 
Procedures 
Before (baseline) and after (post-suppression) each ER session, therapists had standardized 
15-minute conversations with the patients. AU ER sessions including the baseline and 
post-suppression conversations were recorded on videotape. 
Baseline conversations At the beginning of each 15-minute baseline conversation, 
therapists told the patients that the ER session was not started until a 'tic suppression 
session starting signal' was given. Until that moment patients could express tics freely and 
without restraint if they felt the need to tic In addition, patients were told not to perform 
tics if they did not feel the urge to tic. During the next 15 minutes, therapists discussed how 
the patients performed exercises at home, which possible problems they had encounterd, 
and expectations of the session. At the end of the 15-minute baseline conversation, 
therapists held a finger before the camera as a tic suppression session starting signal and 
told the patients that the ER session had now started. Therapists stressed patients to do 
their utmost best not to perform any tics during the following 2 hours. 
Treatment. Treatment consisted of 10 weekly ER sessions. In each session, patients 
had to suppress tics for 2 consecutive hours (response prevention), while being exposed 
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to premonitory sensations (exposure) in the mean time ER treatment was conducted 
according to a treatment manual for ER (Hoogduin et al , 1997, Verdellen, Van de 
Griendt, & Schino-de Bruyn, 2004) Therapists were trained both in ER therapy and in tic 
detection Therapists repeatedly asked the patients to concentrate on the sensations and 
the corresponding locations in their bodies, at the same time emphasizing not to give in 
to the urge or desire to perform tics Therapists acted like coaches in helping the patients 
to complete the tic suppression task The occurrence of each motor or vocal tic that had 
not been suppressed was registered 
Posf-suppression conversaiions A 15-minute post-suppression conversation started 
immediately after each ER session The therapists told the patients that the ER session 
had ended and that the patients could stop suppressing tics and express tics freely and 
without restraint if they felt the need to tic In addition, patients were told not to tic when 
they did not feel the urge to tic During the 15-minute post-suppression condition the 
session was evaluated 
Data collection 
After completing all treatment sessions, three assessors rated videotaped tic frequencies 
at baseline and post-suppression conditions by counting each tic Assessors were not 
informed about the research hypothesis Videotapes (baseline and post-suppression) 
of each patient were rated separately and in random sequence Assessors had received 
training in the rating of videotaped tic frequency Following the method recommended by 
Shapiro, Shapiro, Young, and Feinberg (1988), before rating a videotape, assessors viewed a 
segment of the videotape to establish consensus concerning the tic symptoms To enhance 
interrater agreement, assessors viewed 20% of all videotaped 15-minute conversations 
The incidence of each tic that was registered by the therapists during the 2-hour ER 
tic suppression sessions was counted to obtain a total tic frequency score per session To 
enhance interrater agreement, an additional trained assessor rated 30% of the videotaped 
sessions For each patient, three randomly selected videotapes were observed 
In addition to the tic measurements at the institute, the 15-minute daily home tic 
frequency ratings performed by family members of the patients were also used to examine 
the rebound effect Tic frequency ratings obtained at the same evening following ER 
sessions (post-session home ratings) were compared to ratings obtained at the evening 
preceding ER sessions (pre-session home ratings 1) In addition, to control for a possible 
effect of anxiety relating to the forthcoming session the next day (i e , making it more 
difficult to find a rebound effect), post-session home ratings were also compared to ratings 
obtained two days preceding the ER sessions (pre-session home ratings 2) 
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Statistical analysis 
Interrater agreements on videotaped tic frequency ratings at pre- and post-suppression 
conditions and agreements on tic frequency counts during videotaped ER sessions were 
obtained using the frequency ratio method (Kazdin, 1982, p. 52-53). With this method 
comparisons are made between the totals of the observers. For each tic frequency rating, 
agreements between observers were calculated by dividing the lowest rating by the highest 
rating and multiplying it by 100. To determine whether tic suppression occurred during 
the ER sessions, for each ER session the average total tic frequency score per 15 minutes 
was weighted against the average 15-minute baseline tic frequency rating. As the total ER 
tic frequency scores were based on 120-minute sessions, each score was divided by 8 to 
obtain average 15-minute tic frequency scores. To examine rebound, a paired-samples f-
test was performed to compare the average tic frequency between the baseline and post-
suppression conversations at the institute. In addition, paired-samples i-tests with a 
Bonferroni correction were conducted for the home setting data to compare pre-session 1 
and pre-session 2 tic frequency ratings with the post-session ratings In all analyses, two-
tailed ρ < .05 was considered significant. 
7.3 Results 
Interrater agreement for the three assessors who rated 20% of all videotaped baseline and 
post-suppression conversations ranged from 65% to 100% with a mean of 91%. Agreement 
percentages between the therapists and the assessor who rated 30% of the videotaped ER 
sessions ranged from 67% to 100% with a mean of 93%. 
Tic suppression during ER sessions was successful: the average total tic frequency 
score per 15 minutes ranged from 1.86 (SD = 3.16) in session 10, to 12.49 (SD = 24.72) in 
session 1. The mean of all 15-minute samples across all sessions was 5.85 (SD = 10.87) In 
comparison, average 15-minute pre-suppression tic frequency scores ranged from 50.68 
(SD = 79.01) in session 8, to 91.12 (SD = 94.33) in session 1, with a mean across sessions 
of 63.74 (SD = 83.70). Compared to baseline, ER resulted in a reduction of tics of 91%. 
Paired-samples t-tests between the baseline and post-suppression conditions were 
performed on the videotaped tic frequency data for each session and showed differences 
in tic frequency for session 1, session 9, and session 10. Contrary to the idea of a rebound 
effect, in these sessions, post-suppression tic frequency was lower as compared to baseline 
(see Table 7-1). 
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Table 7-1. Mean 15-mmute video lie frequency ratings at baseline and posl-suppression conditions, 
t-statistics and exact p-values for the 10 sessions (n = 20) 
Baseline 
Mean (SD) 
Post-suppression 
Mean (SD) p-value 
Session 1 
Session 2 
Session 3 
Session 4 
Session 5 
Session 6 
Session 7 
Session 8 
Session 9 
Session 10 
94.94 (96.06)« 
72.38 (108.34)a 
61.29(72.91)" 
69.41 (76.17)" 
64.06 (101.51)c 
61.13(77.80)-
51.94(79.62)' 
52.89 (80.69)' 
58.94(70.17)" 
51.25(78.98)' 
67.06(81.78)' 
55.56 (80.74)' 
44.76(50.14)" 
62.24(72.10)" 
41.56(57.93)' 
44.44(60.19)' 
34.44 (46.09)· 
32.72 (43.56)' 
32.47(34.91)" 
20.63 (29.77)' 
2.53 
1.03 
2.12 
0.49 
1.55 
1.82 
1.77 
2.00 
2 44 
2.31 
.02* 
.32 
.05 
.63 
.14 
.09 
.10 
.06 
.03* 
.04* 
Notes an = 16. bn = 17 cn = 18. *p < .05. 
In addition, paired-samples t-tests with a Bonferroni correction were performed for each 
session on the home tic frequency data between the two pre-session and post-session 
conditions. The results are shown in table 7-2. For pre-session home ratings 1 (home ratings 
obtained the evening preceding sessions) a significant difference was found on tic frequency 
for session 6 with a lower tic frequency at post-session as compared to pre-session 1. For 
pre-session home ratings 2 (home ratings obtained two days preceding the sessions), no 
significant differences were found. 
Table 7-2. Mean 15-minute home tic frequency ratings at pre-session 1, pre-session 2 and post-ses-
sion conditions, t-statistics and exact p-values for the 10 sessions (n = 20) 
Sessioni 
Session 2 
Session 3 
Session 4 
Sessions 
Session 6 
Session 7 
Sessions 
Session 9 
Session 10 
Pre-session 1 
Mean (SD) 
76 73(62 61)' 
57.76(55.40)' 
40.39 (41.53)d 
52.44(47.15)" 
45 56 (43.98)d 
43.53(51.63)' 
34.29 (62.25)' 
28.92(38.31)' 
26.60 (36.53)" 
18.09(32.91)" 
Post-session 
Mean (SD) 
68.60 (61.92)' 
56.12(54.13)' 
38.17(43.79)" 
41.00(39.77)" 
39.67 (38.26) ^ 
35.59 (40.69)' 
35.00 (56.54)' 
28.15(39.99)' 
22.27 (35.26)" 
19.73(37.74)" 
t 
0.85 
0.32 
0.34 
2.00 
1.37 
2.51 
-0.25 
0 29 
157 
-0.80 
p-value 
.41 
.75 
.74 
.07 
.19 
.02* 
.81 
.78 
.14 
.44 
Pre-session 2 
Mean (SD) 
82.94 (77.76)" 
56.06 (58.04)' 
49 94(54.35)·' 
52 35 (50 07)' 
44.44 (46.03)" 
47.24 (50.74)' 
34.12(46.18)' 
21.42(28 20)' 
32.93 (41 73Y 
18.30(32.21)« 
Post-session 
Mean (SD) 
66.25 (60.56)" 
56.12(54.13)· 
38.17(43.79)" 
39.06(39.33)' 
38.06 (36.69)" 
36.00(40.35)· 
35.00(56.54)· 
20.17(26.31)' 
23.50 (36.25)' 
21.70(39.18)' 
t 
1.42 
-.02 
1.06 
1.76 
2.09 
2.05 
-.13 
.79 
1.28 
-1.33 
p-value 
.18 
.99 
.30 
.10 
.05 
.58 
.90 
.45 
.22 
.22 
Notes Pre-session 1 = the day preceding sessions; Pre-session 2 = 2 days preceding sessions, Post-session 
= the same evening following sessions; 'n =15 bn = 16. 'n = 17. dn = 18 Significance level (*) was set at 
alpha < 025 
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7.4 Discussion 
The main conclusion of this study is that prolonged tic suppression in ER treatment is not 
followed by an increase of tics (the so-called rebound phenomenon). Having conducted 
10 2-hour ER sessions, no indications were found that 15-minute tic frequency ratings 
following ER sessions exceeded 15-minute baseline tic frequency ratings. Contrary to the 
idea of a rebound effect, three sessions showed a significant decrease of video rated tic 
frequency as compared to baseline ratings. With respect to the home tic frequency data, a 
significant reduction in tic frequency was found in one session, again arguing against the 
rebound phenomenon. These results confirm the findings of Hoogduin et al (1997) who 
used the same ER treatment, and are also in line with previous findings on rebound effects 
in tic disorders (Himle & Woods, 2005; Meidinger et al., 2005). 
Many reports on tic disorders express the concern that suppression of tics may result in 
a rebound effect afterwards (e.g., Fahn, 1993; Jankovic, 1997; Kane, 1994; Leckman, 2003). 
However, there is no empirical proof that the phenomenon exists. In the present study, 
rebound was tested in a relatively large sample of 20 TS patients following a prolonged period 
of tic suppression. Tic frequency was assessed both at the institute and in the home setting 
The additional use of the natural environment of the patients to investigate rebound is of 
importance, since the experimental setting may not necessarily be the right context to detect 
rebound. Furthermore, home tic frequency ratings performed 2 days preceding the sessions 
were used to control for the possible effect of anxiety relating to the forthcoming session 
the next day (i.e., making it more difficult to find a rebound effect). Increased arousal, such 
as stress and anxiousness has been reported to exacerbate tic expression (e.g , Jagger et al., 
1982; Robertson, 1989; Silva, Munoz, Barickman, & Friedhoff, 1995). 
The results of the this study oppose possible objections against the use of ER in the 
treatment of tics in TS, and, moreover, the spontaneous attempts of TS patients to gain 
self-control by suppressing their tics. The current study shows that ER tic suppression 
does not result in a need to release tension by an outburst of tics. Possibly, the absence of 
rebound effects indicates that patients have learned that the premonitory sensation can be 
tolerated, and that there is no need to release tension afterwards, which would be in line 
with a learning paradigm (Verdellen et al., in press-b). 
Several methodological issues need to be addressed here. First, although there is no 
indication that rebound occurred immediately after the session or in the home setting 
at evening, a possible increase of tics could have occurred while the patients left the 
institute, on their way home or during the hours before the next tic frequency rating at 
home No continuous data collection was performed, so strictly speaking, this possibility 
cannot be ruled out. 
Second, it is possible that patients suppressed tics during the post-suppression con-
versation and during the rating periods at home. It is important to notice, however, that 
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both patients and family members were blind to the rebound hypothesis, and that the 
possible effect of being observed would have applied to both the pre- and post-suppression 
ratings. 
Third, baseline tic frequency ratings performed at the institute may have been increased 
as patients may have expressed tics freely and profusely during these conversations in the 
realization of the advancing 2-hour tic suppression task. In that case, an 'inverse rebound 
effect' would have nullified the rebound effects after the suppression task. However, this 
would leave the absence of rebound effects in the home setting unexplained. 
Fourth, to date, there is no common operational definition of rebound. In this study, 
tic frequency was used to assess the rebound effect. Evaluation of frequency data alone, 
however, may be insufficient to determine the occurrence of rebound effects. Other tic 
characteristics, such as tic intensity or severity of premonitory sensations could have been 
used as well and maybe should be used in future studies. On the other hand, tic frequency 
can be measured reliably and tends to be highly correlated with tic intensity and sensation 
severity. 
To conclude, neither from previous studies, nor from this study, there are indications 
that rebound effects occur after periods of tic suppression. 
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Conclusions and general discussion 
8.1 Introduction 
This chapter reviews the main conclusions pertaining to the hypotheses that were 
investigated in the studies described in the previous chapters. First, a summary is offered 
of the main conclusions of each study into the potential benefits of exposure and response 
prevention (ER) in the treatment of tics in Tourette's syndrome (TS). Next, a general 
discussion is presented, containing methodological issues, theoretical issues concerning 
the underlying mechanisms of change, and clinical implications of the findings. Finally, 
recommendations for future research are offered. 
8.2 Tested hypotheses and conclusions 
In a pilot study of 4 patients with a severe form of TS, the potential benefit of ER in 
the treatment of tic in TS was explored. The hypotheses were tested that ER results in 
a decrease in tic behavior and that habituation of the premonitory sensations can be 
achieved by resisting the tics, without the patient needing to have recourse to what Bliss 
(1980) described as 'a perfect debauch of tics' (chapter 4). The results of the 4 case studies 
showed that treatment using ER can bring about a decrease in the frequency of motor 
and vocal responses. There was a post-treatment reduction in measured ticcing behavior 
ranging from 68% to 83%. At follow-up after 2 months, the improvement ranged from 
50% to 100%. Three cases showed habituation of premonitory sensations, both within 
and between sessions. The pilot study showed no indications for 'a perfect debauch of tics' 
following ER tic suppression. 
The potential of ER in the treatment of tics in TS was further examined in a 
controlled outcome study comparing ER with habit reversal (HR; chapter 5). To date, 
HR is the behavioral treatment of choice for tics. Our outcome study contained 43 
TS patients, both children and adults, who were randomly assigned to one of the two 
conditions. There were no significant differences between the groups on any of the 
patient characteristics or pre-treatment TS severity scores. The first hypothesis was that 
both ER and HR are effective in reducing TS tic symptoms, although it was postulated 
that the effect is possibly accomplished by different pathways of stimulus-response 
interruption in both techniques (Azrin & Peterson, 1990; Hoogduin, Verdellen, & Cath, 
1997). The second hypothesis was that ER results in larger tic symptom reductions 
than HR, since ER is applied to intervene in the response sequence as early as possible, 
i.e , immediately following the premonitory sensation by prevention of the tic, whereas 
HR focuses on inhibition of the tic by applying competing responses. According to 
Baumeister, Heatherton, & Tice (1994), early sequence interruption is associated with 
larger behavior change than disrupting the response sequence in the middle. In addition, 
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ER is directed towards disrupting the response sequence for all tics at once, whereas HR 
intervention focuses at one tic at a time. 
The main conclusion from this study was that both ER and HR are effective interventions 
in the treatment of tics. Patients in both conditions showed significant reductions on the 
YGTSS and on the two tic frequency outcome measures (i.e., performed at the institute 
and in the home setting). Effect sizes ranged from 0.88 (on the home tic frequency ratings) 
to 1.42 (on the YGTSS) for ER and from 0.47 (on the institutional tic frequency ratings) 
to 1.06 (on the YGTSS) for HR. Six patients did not complete the treatment (ER: η = 2; 
HR: η = 4). The findings remained essentially unchanged when intent-to-treat analysis 
was applied Our expectation that the patients in the ER condition would benefit more 
from the treatment than those with HR was not confirmed. No statistically significant 
differences between the two conditions were found. However, a differential trend was 
discerned favoring ER on the YGTSS. In addition, effect sizes on each of the outcome 
measures and percentages of patients showing clinically significant improvements were 
larger for the ER condition than for the HR condition. The improvements on the YGTSS 
outcome measure remained stable at 3-month follow-up, although no firm conclusions 
can be drawn about the longer-term effects of ER or HR separately, since 68% of the 
completer sample (ER: η = 12; HR: η = 13) had received additional treatment according 
to a crossover design. 
In the next study, the hypothesis was tested that habituation of premonitory 
sensations occurs during ER treatment of tics in TS (chapter 6) For this purpose, 
changes in perceived seventy of sensations were studied in the ER group participating 
in the controlled outcome study comparing ER with HR (described in chapter 5). It was 
tested that the rated severity of premonitory sensations reduces during the treatment 
sessions, demonstrating within-session habituation (first hypothesis), and across the 
sessions, demonstrating between-session habituation (second hypothesis). A third 
hypothesis tested was that patients who exhibit more tics during ER sessions show 
less reduction of the perceived severity of premonitory sensations than patients who 
demonstrate better tic suppression ability. This hypothesis related to the finding in 
our pilot study (described in chapter 4) that complete response prevention is difficult 
to achieve Partial tic suppression during ER, we believed, would result in a partial 
weakening of the slimulus-response ties only and therefore hamper habituation of 
premonitory sensations. 
Significant reductions of sensation severity ratings (SUD-scores) were found both 
within and between the 10 ER sessions. These results are consistent with clinical 
experiences as described in chapter 4, and with the view of Turpin (1983) that habi­
tuation of the stimulus may be the process through which response prevention operates 
Sensation seventy over time was found to be related to the frequency of nonsuppressed 
tics of a patient during the session, independent of baseline tic seventy Patients exhibi-
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ting more tics during the sessions showed a smaller reduction of SUD-scores, both 
within and between sessions, as compared to patients exhibiting fewer tics, a finding 
that is consistent with the habituation model. 
It is commonly believed that a rebound effect follows voluntary tic suppression 
(e.g., Bliss, 1980; Fahn, 1993; Jankovic, 1997). The final study investigated whether 
prolonged tic suppression in ER therapy in TS is followed by a subsequent increase of 
tics as compared to baseline level (chapter 7). The rebound phenomenon was studied 
in the ER group participating in the controlled outcome study comparing ER with HR 
(described in chapter 5). To test the hypothesis, videotaped tic frequencies following ER 
sessions were compared to videotaped tic frequencies preceding the sessions. The daily 
home tic frequency ratings that were used to evaluate treatment outcome (see chapter 5 
for a description), were also examined to assess rebound. 
The results of this study demonstrated that prolonged tic suppression in ER therapy 
is not followed by a subsequent increase of tics that surpasses baseline levels before 
ER treatment. Contrary to the idea of a rebound effect, part of the findings indicated a 
significant decrease of tic frequency as compared to baseline ratings. These data possibly 
indicate that patients have learned during ER that the premonitory sensation can be 
tolerated, and that there is no need to release tension by a rebound of tics, which would 
be in line with the learning paradigm. 
8.3 Methodological issues 
The aim of the outcome study described in chapter 5 was to perform a controlled study, 
extending the preliminary data on ER in TS, using larger sample sizes, and comparing the 
results with HR. HR has been applied with success for the treatment of tics for several 
decades (for a review of studies into HR, see Carr & Chong, 2005). Most studies contained 
small sample sizes with poor sample characterization, inadequate assessment strategies, 
incomplete description of treatment procedures, and lack of treatment manuals 
To our knowledge, only four studies (also see chapter 2, Table 2-1) have investigated 
HR effectiveness in a controlled way: Aznn and Peterson (1990), O'Connor et al. (2001), 
Wilhelm et al. (2003), and Deckersbach, Rauch, Buhlmann, and Wilhelm (2006). O'Connor 
et al. (2001), Wilhelm et al. (2003), and Deckersbach et al. (2006) used relatively large 
sample sizes to study HR in the treatment of tics, i.e., η = 47 (chronic tic disorder), Ν = 
32 (TS), and Ν = 30 (TS) respectively. All four studies reported significant tic symptom 
reductions following HR but not following a waitinghst period (Azrin & Nunn, 1990; 
O'Connor et al., 2001), or following supportive psychotherapy (Deckersbach et al., 2006; 
Wilhelm et al., 2003). Despite methodological strengths, each of these studies had its 
limitations as well. Arzin and Peterson (1990), for example, did not control on session 
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number and treatment duration and the results of Wilhelm et al (2003) and Deckersbach 
et al (2006) are limited by rater bias Our outcome study comparing ER with HR has at 
the least comparable methodological strength as these four studies into HR We compared 
two potential treatments for tics in a relative large TS sample size (N = 43) Standardized 
and accepted measurements and observational methods to assess treatment outcome were 
used Assessors were blind for treatment condition and assessment (pre- or post-treatment) 
Treatments were conducted according to treatment manuals Therapists received supervision 
on a regular basis to enhance treatment integrity Furthermore, the current outcome study is 
the first controlled study to date that has evaluated the effectiveness of ER on tics in TS 
Certain limitations of the outcome study need to be mentioned First, there was no 
waitinghst/no-treatment condition to control for TS natural influences The primary aim 
of the current study was to explore the potential value of ER in the treatment of tics in TS 
As the effectiveness of HR versus a waitinghst/no-treatment control has been demonstrated 
(Azrin & Peterson, 1990, O'Connor et al , 2001), we chose to assign all participating 
patients for the purpose of comparing ER with HR, ι e , with an active behavioral treatment 
However, this has had the disadvantage of not being able to compare the two treatments 
separately with a waitinghst control condition 
Second, although two experienced clinicians, ι e , a psychiatrist (KH) and a clinical 
psychologist (CV), independently screened the patients on inclusion and exclusion 
criteria, no standard instrument was used to assess patients according to DSM-IV (ΑΡΑ, 
1994) criteria The application of a standard instrument, such as the Structured Clinical 
Interview for DSM-IV (First, Spitzer, Gibbon, & Williams, 1995) would have enhanced 
the reliability of the established diagnoses 
A third concern involves the participation of both children and adults The mean age of 
the sample was 20 6 years (SD =12 1, range 7-55) The wide age range can be considered 
a limitation of this study, as it adds to the heterogeneity of the sample We correlated age 
with response to treatment on the YGTSS (decrease m YGTSS tic seventy from pre- to 
post-treatment) and found no significant correlations in the ER group (r = - 08, ρ = 75) or 
the HR group (r = - 29, ρ = 24) Younger patients in both conditions did not show more or 
less tic seventy reductions than elder patients This implicates that age did not influence 
outcome 
Fourth, there was a difference between the treatment conditions, with ER including 
two training sessions, whereas HR did not contain a training penod Training sessions 
were considered necessary for the ER condition to teach patients to suppress tics for 
a sustained period of time Sustained tic suppression was considered a prerequisite to 
attain habituation and subsequently for ER therapy to be effective In the analyses, this 
difference between conditions was accounted for by calculating weighted gain scores 
on the outcome measures Furthermore, ER sessions lasted 120 minutes each to reach 
habituation, whereas HR sessions were of 60-minule duration Since this is the first study 
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to investigate the effectiveness of prolonged ER in the treatment of tics in TS, we chose to 
adopt a 120-minute session duration. Future research should address the necessity of long 
lasting sessions to attain ER effect. 
Finally, some studies into the effectiveness of HR investigated multiple aspects of 
treatment response, including measures of psychosocial functioning and lifessatisfaction 
in addition to the assessment of tic severity (e.g., Deckersbach et al., 2006; O'Connor 
et al., 2001). The effect of ER on overall functioning and life-satisfaction remains to be 
studied, although it should be noted that the YGTSS includes a rating of overall impairment 
(ranging from 0 = no impairment, to 5 = very much impaired). Mean YGTSS impairment 
scores reduced from 3.4 (SD = 1.3) pre-treatment to 2.2 (SD = 1.5) post-treatment for 
the ER group and from 3.2 (SD = 0.9) pre-treatment to 2.6 (SD = 1.4) post-treatment 
for the HR group. Our main interest, however, was attaining tic symptom reduction. 
Adequate assessment of more general treatment effects extended beyond the focus of our 
present study and would possibly be an adequate procedure when an active treatment 
was compared with a waitinglist control condition (O'Connor et al., 2001) or another 
(placebo) treatment (Deckersbach et al., 2006). 
Some methodological issues concerning the study into habituation of premonitory 
sensations and the study into the rebound effect also need to be addressed. The study into 
habituation as a possible mechanism of change in the ER treatment of tics in TS described 
in chapter 6 examined changes in perceived severity of premonitory sensations during and 
across ER sessions. Support was found for the occurrence of habituation of sensations and 
urges that are associated with the TS tics. A limitation of the study was, however, that only 
a subjective measurement of the severity of premonitory sensations was used Possibly, the 
inclusion of a measurement of changes in physical arousal (e.g., skin conductance levels) 
would have added to a better understanding of the habituation process. 
The aim of our study into the rebound effect following ER tic suppression described 
in chapter 7 was to examine the commonly reported view that voluntary tic suppression 
results in a build-up of inner tension and discomfort, which is relieved only by an outburst 
of tics A limitation of this study was that no continuous data collection was performed. 
Therefore, it is possible that rebound occurred in the hours between the videotaped 
conversation that was taken immediately following sessions, and the tic frequency rating 
performed at home in the evening following the sessions. However, at this point it is 
unlikely that a continuous data collection would have provided different data than the 
data we collected in this study at different time points before and following ER treatment 
sessions. 
A second issue concerns the lack of a common operational definition on rebound. 
In this study, tic frequency was used to assess the rebound effect. Although important, 
evaluation of frequency data alone may be insufficient to determine the occurrence of 
rebound. Other tic characteristics, such as tic intensity or premonitory sensation seventy 
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could have been used as well and maybe should be used in future studies, although it 
should be mentioned that tic frequency can be measured reliably and tends to be highly 
correlated with tic intensity and sensation severity. 
8.4 Theoretical issues 
Behavioral treatments for tics in TS are based on learning theory principles. In a modern 
learning approach, the association of premonitory sensations and the following tic 
behavior that relieves the sensation accounts for the maintenance of tics. Tics are thus 
viewed as negatively reinforced conditioned responses to interoceptive stimuli (Evers & 
Van de Wetering, 1990; Hoogduin, De Haan, Cath, & Van de Wetering, 1996; Turpin, 
1983). ER aims at interrupting the associative interaction between the sensations and the 
tic behavior, thus eliminating the reinforcing value of the tic. Theoretically, by confronting 
patients with the sensations and urges that precede the tic (exposure) and resisting the tic 
(response prevention) for a prolonged period of time, they leam to tolerate the unpleasant 
sensation (habituation), which results in a reduction of the tic. In our outcome study we 
found significant tic symptom reductions applying both ER and HR (Verdellen, Keijsers, 
Cath, & Hoogduin, 2004). 
According to learning theory, the effectiveness of both treatments can be ascribed to 
the interruption of stimulus-response associations. In HR this is achieved by training the 
patient to apply competing responses to inhibit the tic and in ER by having the patient 
resist tics directly. Our hypothesis that ER results in larger tic symptom reductions than 
HR was not confirmed. We expected larger tic symptom reductions for ER than for HR, 
since ER focuses explicitly on early sequence interruption and for all tics at once, whereas 
HR tends to interrupt the stimulus-response sequence in the middle and for one tic at a 
time. The results of our randomized controlled study suggest that HR does not disrupt 
the stimulus-response association in the middle, as we expected, but, just as ER, mainly 
focuses on early sequence interruption. 
In our study into the possible mechanism of change in the ER treatment of tics in 
TS, reductions of the rated severity of premonitory sensations were found both within 
and between sessions (Verdellen et al., in press-b). These data provide support for the 
hypothesis that TS patients can learn to tolerate the premonitory sensations during ER 
treatment. Consistent with a modern learning theory approach (eg., Bouton, Mineka, 
& Barlow, 2001; Hermans, Vansteenwegen, Baeyens, & Eelen, 2002; Korrelboom & 
Ten Broeke, 2004) it was suggested that extinction, rather than habituation, may be a 
mechanism underlying ER effectiveness. Currently, the extent to which learning processes 
can affect the biological originated sensation (unconditioned stimulus, UCS) remains 
unclear, meaning that both habituation and extinction processes may occur during ER. 
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Different sensations and stimuli (e.g., physical or cognitive) that are associated with 
the UCS can become to function as conditioned stimuli (CSs), which in turn become 
predictors of a negative evaluated urge (UCS/UCR-representation). It can be speculated 
that the reduction of sensation severity ratings is the result of falsification of the (classically 
conditioned) expectation that the premonitory sensation (CS) provokes an unbearable 
urge (UCS/UCR) that can only be reduced by tic performance. The observation that 
patients exhibiting more tics during ER showed less reduction of the perceived severity of 
sensations than patients exhibiting fewer tics, would be in line with this idea. When ER is 
interrupted through tic performance, the association between the premonitory sensation 
and the expectation that this sensation provokes an unbearable urge that is only to be 
reduced by tics fails to weaken. Furthermore, the absence of rebound effects following 
ER tic suppression could be another indication that patients learn during ER that the 
premonitory sensation can be tolerated, and that there is no need to release tension by a 
rebound of tics. 
Recent developments in learning theory indicate that extinction concerns a process 
of learning new associations rather than unlearning old ones. Experimental studies have 
shown that learned associations between a CS and an UCS do not extinguish completely, 
and that extinction does not necessarily generalize to other contexts outside the learning 
context (Bouton, 1988; Havermans, Lataster, Thewissen, & Jansen, 2004; Hermans et 
al., 2002). To enhance treatment effects and prevent relapse, it is suggested to expose 
patients to a variety of contexts and (conditioned) stimuli (Hermans et al., 2002) If 
extinction plays a role in explaining ER effectiveness in the treatment of tics, these new 
insights in learning theory would implicate that patients learn an alternative route of not 
performing the tic, while the old associations remain (implicitly) present In addition, 
exposure should be applied in different contexts and with different CSs in order to obtain 
generalizing effects and prevent relapse. In the current outcome study, patients were asked 
to take tic-eliciting objects (CSs, e.g., computer games, glass) into the ER sessions and to 
try to provoke premonitory sensations. In addition, patients were asked to imagine tic-
eliciting situations in which they experienced the urge to emit a tic and then were asked to 
perform the required exercise. This latter technique (i.e., generalization training) is often 
used in HR to teach control outside the institute setting (Azrin & Nunn, 1973; Azrin & 
Peterson, 1990). In our research project, we found some indications for generalization 
results. Significant tic frequency reductions were found at the institute and in the home 
setting. 
It is preliminary to draw conclusions regarding the extent to which habituation and 
extinction processes play any role in the perceived changes of ER treatment of tics in 
TS. Furthermore, perhaps other mechanisms (also) may be responsible for the observed 
improvements, e.g., increased ability to suppress tics or enhanced self-control. Moreover, 
the interventions may have resulted in heightened awareness of the sensory experiences 
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preceding tics, thus enhancing the ability to suppress various tics that had previously 
escaped awareness (Leckman, Walker, & Cohen, 1993; Woods, Piacentini, Himle, & 
Chang, 2005). In our study into habituation of premonitory sensations some patients 
reported feeling sensations associated with tics, which formerly were not experienced 
or recognized as such. This pertained to both children and adults, and seems to indicate 
that prolonged tic suppression increases stimulus awareness. Awareness training is also 
thought to be a central element of HR effectiveness (Azrin & Nunn, 1973; Miltenberger, 
Fuqua, and McKinley, 1985). 
Another issue that needs attention concerns the fact that TS is not only characterized by 
motor and vocal tics, which tend to have negative reinforcing value, but also by impulsive 
tic-like behaviors and thoughts, which may not serve to reduce unpleasant sensations 
Instead, these behaviors, for example touching, echolalia or mental play, may be executed 
for ends of pleasure or excitement (Cath et al., 2000; Van Woerkom & Cath, 2002). We 
did not investigate the possible positive reinforcing value of TS tic symptoms in our study 
sample, although it is possible that part of the results indicate enhanced self-control over 
these behaviors. We recommend that future research addresses this issue. 
To cautiously conclude, the results of our study possibly indicate that response 
prevention increases awareness of the premonitory sensation and thus provides the 
possibility to learn an alternative route of not performing the tic With repeated exposure 
to the sensation, the patient learns that the unbearable urge he expects does not make its 
appearance and the sensation is better tolerated. Following treatment, there are now two 
possible routes in response to the premonitory sensation: the old route of performing the 
tic, which remains implicitly present, and a new route of not performing the tic, which 
may develop into the preferred (and automatically) chosen route. 
8.5 Clinical implications and future directions 
This final paragraph offers several clinical implications of the findings reported in the 
previous chapters. Since this is the first study on prolonged ER in the treatment of tics 
in TS, implications are preliminary and warrant further study. Throughout this thesis, 
suggestions for future research in the behavioral treatment of tics in TS are given. This 
paragraph, finally, provides some concluding recommendations for future research. 
The present study demonstrates that ER is a promising new treatment for tics in TS. 
The study sample had TS tic symptoms of moderate seventy as measured with the YGTSS 
(Leckman et al., 1989), and consisted of both children and adults To date, HR is the 
behavioral treatment of choice for tics. Several other behavioral treatments, e.g., massed 
practice and relaxation training, proved to be of lesser value (for a review, see King, Scahill, 
Findley, & Cohen, 1999, Piacentini & Chang, 2001) In the present outcome study ER 
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and HR were shown to be equally effective in reducing TS tic symptoms. These results 
implicate that ER can be applied as an extension or an alternative to HR. A differential trend 
was discerned favoring ER on the YGTSS (p = 0.05). On face value, the YGTSS subscale 
scores showed an advantage for ER on the dimension 'number of tics', suggesting that 
when a large number of tics are involved, ER would be the treatment of choice. Perhaps 
the trend in favor of ER would have reached significance when sample sizes would have 
been larger, resulting in larger statistical power. On the other hand, ER comprised longer 
lasting treatment sessions than HR, which could also explain the tendency of ER to be 
more effective than HR. Whether ER retains its efficacy with shorter sessions remains to 
be established. The linear reduction of subjective sensation severity ratings suggests that a 
shorter session duration might reduce habituation. Until new research has shed more light 
on the treatments' underlying mechanisms, TS patients have to be informed that the two 
methods are equally effective in the treatment of tics and that in ER sessions last 2 hours 
while with HR this tends to be 1 hour. 
The study into the occurrence of habituation of premonitory sensations during ER 
showed that the extent to which patients still exhibited tics during sessions influenced 
the extent to which habituation of premonitory sensations occurred, irrespective of tic 
severity at baseline. This finding adds an important notion to the treatment of tics with ER, 
i.e., that it is of considerable importance to motivate patients to fully suppress their tics at 
ER sessions. The additional value of ER training sessions preceding the 'actual treatment 
phase' in enhancing tic suppression ability remains to be established. Furthermore, the 
findings of our study into habituation of premonitory sensations suggest that research 
and clinical practice should pay attention to the children's use of metaphorical language 
related to premonitory sensations. 
No indications for rebound effects following ER sessions were found. This finding opposes 
possible objections against the use of ER tic suppression in the treatment of tics. Moreover, 
the present study indicates that, more generally speaking, patients can learn to gain self-
control over their tics and need not refrain themselves from tic suppression attempts 
The current study explored the potential value of ER in the treatment of tics in TS. 
Replication of the data is needed. Furthermore, the additional value of ER training sessions 
needs to be established, since these sessions also involve exposure. Outcome studies 
should include a pure follow-up assessment, i.e., not confounded by a crossover design, 
and include large study groups, containing a sufficiently long baseline period to control 
for TS natural fluctuations. The baseline tic frequency period obtained in the home setting 
was 7 days in the current outcome study, i.e., of moderate duration. A recently performed 
study (Piacentini et al., 2006) into the stability of temporal tic fluctuations demonstrated 
that tic frequency remains relatively stable over a period of at least 2 weeks both at the 
institute and in the home setting. These data suggest to repeat baseline assessment of tics 
at least over a 2-week period. 
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Research also has to identify predictors of ER and HR treatment response. Deckersbach et 
al. (2006) explored the role of tic severity and age of onset as predictors of HR treatment 
response in TS patients No significant correlations were found between both variables 
and YGTSS tic severity scores from pre- to post-treatment. In addition, Deckersbach et 
al. (2006) explored the role of comorbidity (the completers had comorbid disorders of 
mild major depression, OCD, social phobia, and panic disorder) and medication use 
on outcome. Using these variables as covariates did not change their initial results, and 
thus were not considered as predictors of outcome. On the other hand, pre-treatment 
response inhibition impairment, as assessed by the Visuospatial Priming task (VSP; 
Swerdlow, Magulac, Filion, & Zinner, 1996), predicted a negative treatment response. 
Deckersbach et al. (2006) hypothesized that TS patients with impaired inhibition may 
experience stronger or more durable premonitory sensations, which may make it more 
difficult to implement competing responses. We suggest to explore the role of a comorbid 
diagnosis of attention-deficit hyperactivity disorder (ADHD) as a possible predictor of 
treatment outcome Studies on tic suppression have indicated that tic suppression is 
an attention-demanding task. TS patients with more attentional problems had more 
difficulties suppressing tics (Himle &r Woods, 2005; Peterson et al, 1998) If attentional 
capacity is found to be a prerequisite for tic suppression (and thus a potential predictor 
of successful treatment), and a comorbid diagnose of ADHD hampers outcome, it may 
prove beneficial to implement interventions aimed at increasing attentional facilities 
Himle and Woods (2005) demonstrated that age or YGTSS tic seventy did not predict tic 
suppression. However, the additional reinforcement for tic-free periods as compared to 
mere instructions to suppress tics facilitated tic suppression in children (Woods & Himle, 
2004). 
Further research is also needed into the processes that underlie treatment effectiveness. 
The specific degree to which classical and operant learning processes affect the 
neurologically originated TS tic symptoms and their waxing and waning nature (Leckman, 
2003; Singer, 2005) remains to be established, as is the extent to which habituation and 
extinction paradigms play any role in the behavioral treatment of tics. Both ER and HR 
aim at interrupting the stimulus-response associations, thus providing the possibility to 
experience that the premonitory sensation can be tolerated without tic performance. This 
implicates that, theoretically, reductions in the severity of premonitory sensations occur 
in both treatments (Hoogduin et al., 1996; Piacentini & Chang, 2001; Turpin, 1983). 
The present study found support for this theory during and across ER sessions. Although 
Aznn and Peterson (1990) described a reduction in the urge to perform the tic following 
HR, to our knowledge, the occurrence of changes in premonitory sensation severity 
has to date not been studied empirically in HR. We recommend to further examine the 
habituation and extinction paradigms in both treatments The assessment of changes 
in the severity of the premonitory sensations should include frequent (e.g., 5-minute) 
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checks for sensation seventy ratings, at least during the initial portion of the sessions 
We found a linear reduction of severity ratings during ER sessions, and not the expected 
quadratic trend Perhaps the 15-minute assessment was too broad to detect a possible 
initial increase In addition, we recommend the use of the recently developed Premonitory 
Urge for Tics Scale (PUTS, Woods et al, 2005) This brief self-report scale provides a 
total score reflecting the presence and frequency of premonitory sensations and urges, 
along with relief that may be experienced after tics have been completed Furthermore, 
it is suggested that future research includes physiological measures to assess changes in 
response, e g , skin conductance levels 
Another direction would be to further examine the role of cognitive factors in the 
maintenance and treatment of TS tic symptoms Several researchers (O'Connor, 2002, 
Woods et al , 2005) introduced a cognitive aspect to the sensory element of the tic 
O'Connor (2002), for example, suggested that the 'premonitory urge' may be the result 
of hypersensitivity to sensations and that increased attentional focus may augment this 
hypersensitivity In line with a modern learning approach, he argued that TS patients 
attribute negative significance to the sensations, which may further increase their 
importance in a similar way to the cognitive distortions and appraisal assumptions seen 
in patients with panic and somatoform disorder (O'Connor, 2002) Woods et al (2005) 
speculated that sensory urge awareness in young children develops as a consequence of 
negative social reactions to tics by converting the urge from a physiological phenomenon 
to an unpleasant signal that the tic is about to occur Anticipation anxiety resulting from 
negative social reactions is also reported to maintain the tic by provoking tension and 
premonitory sensations (Hoogduin et al, 1996, O'Connor et al , 2001) O'Connor et al 
(2001) added cognitive interventions to the HR treatment of tics, aimed at modifying 
unrealistic anticipations in high risk tic situations Significant tic reductions were found 
following the cognitive-behavioral treatment in comparison to a waitinghst control 
condition The unique contribution of cognitive interventions in reducing tics, however, 
remains to be established 
Finally, and perhaps most importantly the results of our study suggest that 
behavior therapy (i e , ER and HR) provides an alternative for pharmacotherapy with 
antidopaminergic agents To date, TS patients mostly receive pharmacotherapy for their 
tics The few controlled studies that have investigated the effects of pharmacotherapy in 
TS show that approximately 50-70% of the patients improve with a tic frequency reduction 
of approximately 50% However, up to 90% of patients have been reported to discontinue 
medication because of serious side effects or unresponsiveness (for a review, see Carpenter, 
Leckman, Scahill, & McDougle, 1999, Rampello et al , 2006, Sandor, 2003) Behavior 
therapy requires practice and motivation, but has no negative medical side effects The 
dropout rate found in our study was 14%, with fewer dropouts in the ER group (n = 
2) than in HR (η = 4) If behavior therapy demonstrates (at least) equal effectiveness 
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as pharmacotherapy in randomized controlled studies, it is warranted to apply behavior 
therapy as a first-step treatment for tics in TS. 
In conclusion, the present study explored the potency of ER in the treatment of tics 
in TS. The results of our research project justify further study into ER in TS. Both ER and 
HR were shown to be effective in reducing TS tic symptoms. The challenge for the future 
is to compare these behavioral interventions with pharmacotherapy, including longer-
term follow-up data. Furthermore, future research should attempt to gain more insight 
into the active ingredients of the interventions and the underlying mechanisms of change, 
taking into account modern insights in learning theory and pathophysiological findings 
on premonitory sensations and associated tics. 
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Summary 
Tourette's syndrome (TS) is a neuropsychiatrie disorder characterized by multiple motor 
and vocal tics. Since 1980, when Bliss drew attention to the unpleasant premonitory 
sensations that precede the tic and that tend to diminish once the tic has been executed, 
various studies have focused on the phenomenology and manifestation of these sensations. 
It was demonstrated that tics are not involuntary phenomena but intentional in nature (see 
e.g., Lang, 1991; Leckman, Walker, & Cohen, 1993). The association between unpleasant 
premonitory sensations and the following tic that relieves these sensations is to be seen 
as a reinforcement of the tic. Exposure and response prevention (ER), a new treatment 
for tics, aims at interrupting this association. Theoretically, by confronting patients for a 
prolonged period of time with the sensation (exposure) and resisting the tic (response 
prevention), the patients learn to tolerate the unpleasant sensation (habituation). This 
will lessen the urge or need to give in to the tic, resulting in a reduction of tic behavior. 
Central to this thesis is the relevance of ER for the treatment of tics in TS. 
Chapter 1 comprises a general introduction and describes the main features of TS. 
Special attention is paid to the premonitory sensations associated with the tics. Although 
researchers do not adhere to an unequivocal definition of these sensations, it can be 
concluded that most TS patients experience premonitory sensations, especially after the 
age of 10 years. This offers prospects for behavioral interventions. At present, tics are 
primarily treated with pharmacotherapy even though many patients discontinue taking 
their medication due to its side effects. 
Chapter 2 provides an overview of the behavioral treatments that have been developed 
over time to reduce tics, and the possible learning processes underlying these treatments. 
Although several dozens of studies examined the effectiveness of behavior therapy for 
tics, most studies were uncontrolled, containing small sample sizes and methodological 
limitations. To date, habit reversal (HR; Aznn & Nunn, 1973) is the behavioral treatment 
of choice for tics. In chapter 2 controlled studies are described that have investigated HR 
effectiveness. Finally, ER is introduced as a new treatment for tics in TS. 
In chapter 3 the treatment protocols for HR and ER are described and illustrated with 
patient-therapist interactions. In HR the tics are addressed one by one during 10 weekly one-
hour sessions. After the first stage, which focuses on enhancing tic awareness, a competing 
response is selected to inhibit the tic. The patient needs to apply this competing response for 
a full minute as soon as he feels the tic emerging or once the tic is in progress. The response is 
also to be applied when the tic has actually occurred. ER composes 12 weekly 2-hour sessions. 
In the first two sessions the patient is trained to systematically suppress the tics. In these 
sessions the emphasis is on response prevention. In the subsequent 10 sessions the patient is 
to continuously suppress all tics throughout the 2 hours (response prevention) during which 
time the patient's attention remains focused on the unpleasant bodily sensations (exposure). 
Chapter 4 describes the results of a pilot study into the effectiveness of ER in the 
treatment of tics in 4 TS patients. Tic reductions of 68% to 83% were observed after 
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12 sessions each lasting 2 hours. In 3 of the 4 patients habituation to the premonitory 
sensations was established both within and between sessions. These promising results 
prompted the subsequent controlled outcome study comparing ER with HR, conducted 
with a larger sample of TS patients. 
In chapters 5, 6 and 7 the main hypotheses of this thesis were tested. Chapter 5 reports 
a controlled, comparative outcome study of ER and HR for the treatment of tics in TS. The 
sample contained 43 TS patients, both children and adults. The main finding was that with 
both methods significant tic reductions were achieved on the three outcome measures, i.e., 
the Yale Global Tic Severity Scale (YGTSS; Leckman et al., 1989), tic frequency as assessed 
at the institute by means of video recordings of the YGTSS, and tic frequency as recorded 
by the patients' family members at home. There were no significant differences between HR 
and ER. The YGTSS improvements were maintained at a 3-month follow-up, although it 
needs to be noted that part of the patients had received additional treatment according to a 
crossover design. 
Chapter 6 tests the hypothesis that habituation of premonitory sensations in TS occurs 
during the 2-hour lasting ER sessions. The study describes the results of 19 patients that 
were assigned to the ER condition in the outcome study described in chapter 5. The 
occurrence of habituation was assessed during 15-minute intervals based on the perceived 
seventy of the premonitory sensations. The frequency of nonsuppressed tics was also 
registered. Significant reductions of sensation seventy ratings were found both within 
and between 10 ER sessions. The extent to which habituation occurred was related to the 
frequency of tics exhibited during sessions, irrespective of baseline tic severity. Patients 
exhibiting more tics during the sessions showed a smaller reduction of sensation seventy 
ratings as compared to patients exhibiting fewer tics. These results support the habituation 
hypothesis, and it was argued that the extinction paradigm perhaps provides a better 
explanatory model. 
Chapter 7 examines whether prolonged tic suppression is followed by a paradoxical 
increase of tics (i.e., rebound effect). Before and immediately following ER sessions 
conversations were conducted with 20 TS patients that had been assigned to the ER 
condition of the comparative outcome study (reported in chapter 5). Video recordings 
of these 15-minute conversations were assessed to determine tic frequency. Furthermore, 
the daily home tic frequency ratings that were used to evaluate treatment outcome (see 
chapter 5 for a description), were also examined to assess rebound. Comparison of the 
pre- and post-session tic frequencies did not reveal a rebound effect. Contrary to the idea 
of a rebound, part of the results showed a significant decrease of tic frequency following 
suppression. 
Finally, chapter 8 summarizes the main conclusions from the studies reported in the 
previous chapters. The chapter considers various methodological aspects and offers 
theoretical reflections on the possible underlying mechanisms of change of ER and HR. In 
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addition, clinical implications of the findings are discussed Given the explorative nature 
of the present project, the reported findings warrant replication The chapter concludes 
with recommendations for future research 
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Het syndroom van Gilles de la Tourette (TS) is een neuropsychiatnsche aandoening met 
als hoofdkenmerk multipele motorische en vocale tics Sinds Bhss in 1980 de aandacht 
richtte op onaangename sensaties ('premonitore sensaties') die vaak vooraf gaan aan de 
tic en die afnemen door de tic uit te voeren, zijn er diverse onderzoeken verricht naar de 
fenomenologie en het optreden van deze sensaties Deze onderzoeken hebben aangetoond 
dat de tic met op zichzelf staat maar een intentioneel karakter heeft (o a Lang, 1991, 
Leckman, Walker, & Cohen, 1993) De associatie van premonitore sensatie en het erop 
volgende ticgedrag, waarna de onaangename sensatie afneemt, kan worden gezien als 
een bekrachtigende situatie van de tic Op het doorbreken van deze associatie richt 
zich exposure en responspreventie (ER), een nieuwe behandeling voor tics In theorie 
leidt langdurige blootstelling (exposure) aan de sensatie zonder uitvoering van de tic 
(responspreventie) tot gewennen aan de sensatie (habituatie), waardoor de behoefte tot 
het uitvoeren van tics afneemt en daarmee het ticgedrag In dit proefschrift staat de vraag 
centraal of ER waarde heeft voor de behandeling van tics bij TS 
Hoofdstuk 1 is een algemene inleiding, waann de belangrijkste kenmerken van TS worden 
beschreven In het bijzonder wordt ingegaan op de met de tic geassocieerde premonitore 
sensaties Hoewel onderzoekers geen eenduidige definitie in hun beschrijving van deze 
sensaties hanteren, is de conclusie gerechtvaardigd dat premonitore sensatiesbij het merendeel 
van de TS patiënten voorkomen, vooral na het 10e jaar Dit biedt aanknopingspunten voor 
een gedragstherapie Tics worden momenteel vooral behandeld met farmacotherapie, maar 
veel patiënten staken de medicatie als gevolg van bijwerkingen 
Hoofdstuk 2 geeft een overzicht van de gedragstherapeutische methoden die in de 
afgelopen decennia zijn toegepast voor de behandeling van tics Tevens wordt ingegaan 
op leertheoretische principes waarvan deze methoden zijn afgeleid Hoewel er enkele 
tientallen studies zijn uitgevoerd naar de effectiviteit van gedragstherapie in de behandeling 
van tics, zijn de meeste studies ongecontroleerd, met kleine aantallen patiënten en 
methodologische tekortkomingen Op dit moment wordt vooral habit reversal (HR, Azrin 
& Nunn, 1973) toegepast Hoofdstuk 2 geeft een overzicht van de gecontroleerde studies 
waarin de effectiviteit van HR in de behandeling van nes werd onderzocht Ten slotte 
wordt ER als nieuwe behandelmethode voor tics bij TS geïntroduceerd 
In hoofdstuk 3 worden de behandelprotocollen beschreven voor HR en ER en geïllustreerd 
met therapeut-patiënt interacties Bij HR worden de tics een voor een aangepakt De 
behandeling bestaat uit 10 wekelijkse sessies van een uur Na een fase waarin bewustwording 
van de tic centraal staat, wordt een met de tic onverenigbare respons gezocht Deze 
respons dient een minuut te worden uitgevoerd zodra de patient de tic voelt aankomen 
of ter onderbreking van de tic De onverenigbare respons moet ook worden toegepast als 
de tic toch heeft plaatsgevonden ER bestaat uit 12 wekelijkse sessies van elk 2 uur De 
behandeling start met een trainingsfase van twee sessies, waann de patient wordt geleerd 
de tics systematisch te onderdrukken Het accent ligt hierbij op responspreventie In de 
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10 daarop volgende sessies gaat de patient 2 uur onafgebroken alle tics tegenhouden 
(responspreventie), waarbij de aandacht gericht blijft op de onaangename sensaties in het 
lichaam (exposure). 
Hoofdstuk 4 beschrijft de resultaten van een pilot studie naar de effectiviteit van ER 
in de behandeling van tics bij 4 TS patiënten. Er werden ticreducties van 68% tot 83% 
vastgesteld na 12 twee uur durende ER sessies. Bij 3 van de 4 patiënten is habituatie 
gevonden van premonitore sensaties zowel binnen als tussen de sessies. Deze positieve 
resultaten vormden de basis voor de hierop volgende gecontroleerde studie naar de 
effectiviteit tussen ER en HR, uitgevoerd onder een groter aantal TS patiënten. 
In hoofdstuk 5,6 en 7 werden de belangrijkste hypothesen van dit proefschrift getoetst. 
Hoofdstuk 5 beschrijft een gecontroleerde vergelijkende effectstudie tussen ER en HR in de 
behandeling van tics bij TS. Er namen 43 TS patiënten, zowel kinderen als volwassenen, 
deel aan het onderzoek. De belangrijkste bevinding was dat met beide methoden 
significante ticreducties worden bereikt op de drie effectmaten: de Yale Global Tic Severity 
Scale (YGTSS; Leckman et al., 1989), ticfrequenties gemeten op het instituut aan de hand 
van video-opnamen van de YGTSS, en ticfrequenties gemeten in de thuissituatie door 
familieleden van de patiënten. Er werden geen significante verschillen tussen HR en ER 
vastgesteld. De resultaten op de YGTSS bleven behouden bij follow-up na drie maanden, 
waarbij moet worden opgemerkt dat een deel van de patiënten vervolgbehandeling had 
gekregen volgens een crossover design. 
Hoofdstuk 6 beschrijft een onderzoek van de hypothese of TS patiënten habitueren aan 
premonitore sensaties tijdens twee uur durende ER sessies. Deze hypothese is onderzocht 
bij 19 patiënten die in de ER conditie deelnamen van de in hoofdstuk 5 beschreven 
effectstudie. Het optreden van habituatie werd tijdens 15-minuten intervallen gemeten 
aan de hand van de ervaren intensiteit van premonitore sensaties. Tevens werd het aantal 
niet tegengehouden tics geregisteerd. Er zijn significante reducties gevonden van de 
intensiteit van de premonitore sensaties, zowel binnen als tussen 10 ER sessies. De mate 
van habitueren hing samen met het aantal vertoonde tics tijdens de sessies, onafhankelijk 
van de ticernst bij de baseline-meting. Patienten die meer tics vertoonden tijdens de 
sessies hadden minder afname van de intensiteit van de sensaties dan patiënten die 
minder tics vertoonden. Deze resultaten ondersteunen de habituatiehypothese, waarbij 
werd beargumenteerd dat het extinctieparadigma wellicht beter als verklaringsmodel kan 
gelden 
Hoofdstuk 7 onderzoekt of er sprake is van een paradoxale toename in ticfrequentie 
na het langdurig tegenhouden van tics (rebound-effect). Hiertoe werden gesprekken 
gehouden vóór en direkt na ER sessies met 20 TS patiënten die aan de ER conditie van 
de vergelijkende effectstudie (beschreven in hoofdstuk 5) hebben deelgenomen. Video-
opnamen van deze 15-mmuten durende gesprekken werden achteraf beoordeeld op 
ticfrequentie. Tevens werden de 15-minuten ticfrequenties die thuis zijn gemeten door 
Π8 
Samenvatting 
familieleden van de patiënten (beschreven in hoofdstuk 5) gebruikt om het optreden 
van een eventuele rebound vast te stellen Ticfrequenties voor en na de sessies werden 
met elkaar vergeleken Er werden geen aanwijzingen gevonden voor een rebound-effect 
Daarentegen het een deel van de resultaten een significante afname zien van tics na het 
tegenhouden ervan 
Ten slotte bevat hoofdstuk 8 een samenvatting van de belangrijkste conclusies van de 
onderzoeken die zijn beschreven in de voorgaande hoofdstukken De resultaten worden 
besproken aan de hand van methodologische aspecten en theoretische beschouwingen 
over de mogelijke werkzame mechanismen van ER en HR Tevens wordt ingegaan op 
de klinische implicaties van de bevindingen Gezien de exploratieve aard van dit project 
is replicatie van de bevindingen nodig Het hoofdstuk eindigt met aanbevelingen voor 
toekomstig onderzoek 
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Egypte, mei 2001. Een rustige, warme zomeravond op een feluka op de Nijl. Een reisgenote 
legt een soort van tarotkaarten, of kaarten waarvan ik de exacte naam reeds vergeten ben. 
Doorgaans ben ik te nuchter voor dit soort voorspellingen, maar de hele sfeer draagt 
ertoe bij dat ik me er ook aan waag wat kaarten te trekken. Eerst moet de 'centrale kaart' 
getrokken worden, je belangrijkste eigenschap, 'je ego'. Mijn voorgangster heeft zojuist 'een 
lachende zon' getrokken, een kaart die staat voor vrolijkheid en optimisme; 'jij bent het 
zonnetje in huis', zo stelt de kaartlegster. Ik ben verbaasd maar raak tevens geïnteresseerd 
vanwege de gelijkenis met haar positie in de groep. Ik trek 'een hond', hetgeen staat voor 
loyaliteit en trouw. De reisgenote die de kaarten legt ziet mijn wat teleurgestelde blik en 
stelt me direct gerust. 'Het is een heel mooie kaart', zo legt ze uit. 'De hond staat voor 
loyaliteit en trouw, dat zijn belangrijke, goede eigenschappen in de mens'. Intussen trek ik 
de overige kaarten, die blind in een cirkel om 'de hond' worden gelegd en vervolgens één 
voor één worden geopend. De kaartlegster schrikt even, maar stelt me opnieuw gerust. 
Op de kaarten staan veel rotsblokken, deze staan voor de hindernissen die ik de komende 
tijd zal ontmoeten op mijn levenspad. 'Ik heb wel heel veel rotsblokken getrokken', denk 
ik nog en veel van wat de kaartlegster verder vertelt hoor ik niet, weet ik me niet meer te 
herinneren, of heb ik wellicht toch verdrongen. Wat ik me wel herinner is de laatste kaart, 
een boek. Dit staat voor 'de afronding van een periode, de voltooiing van een boek', legt 
mijn reisgenote uit. Heel even denk ik aan Nederland, dat dan heel ver weg lijkt en aan 
mijn Tourette-onderzoek, het proefschrift, waarmee ik dan al enige tijd bezig ben, maar 
dat op zijn zachtst gezegd met echt wil vlotten. 'Maar welke hindernissen dan?', en 'ach, 
het zijn slechts vage voorspellingen, mets wetenschappelijks. Maar ja, die hond...' 
Sinds die reis in Egypte zijn er alweer 6 jaar verstreken. Jaren waarin ik me slechts af en 
toe deze bijzondere avond herinnerde, om de gedachte daarna weer van me af te werpen. 
Het waren slechts kaarten, het proefschrift leek er niet van te komen. Een bijzonder gevoel 
bekruipt me nu ik, anno 2007, bezig ben met het schrijven van het laatste deel van mijn 
proefschrift, het besluit. Een rilling overvalt me als ik weer denk aan die avond in Egypte 
op de Nijl. Ik ben heel wat rotsblokken tegengekomen de afgelopen 6 jaar, waaronder 
het verlies van mijn vader in 2003. Het was niet altijd makkelijk, maar ik ben blij dat ik 
de energie en de motivatie heb gevonden om dit werk, deze 'Nijlpaal', te voltooien. Een 
mijlpaal die ik zonder de steun, het vertrouwen én het geduld van mijn promotor en 
copromotores niet had bereikt. Ik ben overtuigd: er is meer tussen hemel en aarde dan wij 
kunnen bevatten. 
Op deze plaats wil ik een dankwoord richten tot allen die een bijdrage hebben geleverd 
aan het totstandkomen van dit proefschrift. In de eerste plaats dank ik de patiënten, hun 
ouders en partners die aan het onderzoek hebben deelgenomen. Zij moesten veel registreren 
en vaak naar het onderzoeksinstituut komen, niet alleen voor de behandelingen, maar 
ook voor de metingen. De resultaten van dit onderzoek laten zien dat dat niet voor niets 
geweest is. Hun bijdrage heeft de behandeling van tics bij het syndroom van Gilles de 
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la Tourette een stap in de goede richting gebracht. Tevens dank ik het bestuur van de 
Nederlandse Stichting Gilles de la Tourette en in het bijzonder Hans Eysackers, die 10 
jaar voorzitter is geweest van de Stichting, voor zijn onuitputtelijke, Tourettewaardige 
enthousiasme, zijn belangstelling en betrokkenheid. 
Ik dank mijn voorgaande en huidige werkgevers voor hun bereidheid mijn onderzoek 
te ondersteunen. In het bijzonder dank ik het Ambulatorium ACWS van de Radboud 
Universiteit Nijmegen en de HSK Groep, waar ik het onderzoek heb kunnen verrichten. 
Het was een voorrecht te hebben mogen werken met goed opgeleide stagiaires, die zich 
met groot enthousiasme als therapeut of assessor hebben ingezet voor het onderzoek. 
Daarvoor veel dank! Tevens dank ik de studenten die een bijdrage hebben geleverd door 
hun scriptie te schrijven over een deel van het onderzoek. Zij hebben alle data verzameld 
en de vele videobanden gescoord. Achtereenvolgens waren dat Fieke de Leeuw, Suzanne 
Theuws, Jolande van de Griendt, Marie Louise de Wilde, Jeroen Wolfs, Sarah van Oppen, 
Ines Falger, Wendy van Baal, Susana Castilla en Linda van Heeswijk. Met enkele van hen 
heb ik een fijne vriendschap opgebouwd. Een speciaal woord van dank gaat tevens uit 
naar de HSK Groep voor haar ondersteuning bij de voltooiing van dit proefschrift. Ik dank 
Uitgeverij Boom en in het bijzonder Monique Oosthoek voor de prettige samenwerking bij 
de vervaardiging van dit proefschrift en van de poster ter gelegenheid van het 'International 
scientific symposium on Tourette syndrome', juni 2007, Lillehammer, Noorwegen. 
Herbert Hoijtink en Bemet Kato van de Universiteit Utrecht dank ik voor de prettige 
contacten en het geduld dat zij hebben betracht om mij verstand bij te brengen van 
statistische formules en 'multilevel models'. Kees Korrelboom dank ik voor zijn inspirerende 
leertheoretische beschouwingen. Mare Verbraak bedank ik voor zijn bijdrage aan de pilot-
studie. Sanne Knens, Jolande van de Gnendt en Iris Schino-de Bruyn dank ik voor hun 
aandeel in het verder verfijnen van de behandelprotocoUen. Tevens dank ik Jolande voor 
haar immer aanwezige bereidheid een dienst te verlenen. Of het nu gaat om het opzoeken 
van een artikel of het schrijven van een tekst, ze doet alles met even grote voortvarendheid 
als enthousiasme, waarvoor dank. 
Aan mijn vader (i.m.) en mijn moeder draag ik dit proefschrift op. En jij Siem, lieverd, 
kom op, wij hijsen de zeilen! 
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